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INTRODUCTION 


In this 368-page data book, Texas Instruments is pleased to present important technical information on a broad line of 
Linear Contro} Integrated Circuits. 


You will find complete specifications on Tl’s TL series and second source Linear Control circuits including operationa! 
‘amplifiers, comparators, voltage regulators, analog switches, and special functions. 


The functional indexes, selection guides and cross-references are designed for ease of circuit selection. There are margin 
tabs to guide you quickly to general circuit categories, and the alphanumeric index will let you locate specific type 
numbers quickly. 


A military products section covers process screening requirements for JAN, JAN-processed, 883 Class B, and standard 
products. Test conditions and environmental levels are detailed for the product categories. 


Although this volume offers design and specification data only for Linear Control Integrated Circuits, complete 
technical data for any Tl semiconductor/component product is available from your nearest TI field sales office, local 
authorized TI distributor, or by writing directly to: Marketing and Information Services, Texas Instruments 
Incorporated, P.O. Box 5012, MS 308, Dallas, Texas 75222. 
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LF155 
LF155A 
LF156 
LF156A 
LF157 
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LF255 
LF256 
LF257 
LF355 
LF355A 


LF356 
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LF357 

LF357A 
LF2155 


LF2155A . 
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LF2156A . 


LF2255 
LF2256 
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*Future product, to be announced 
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CROSS-REFERENCE 
Old Tl Type Numbers to New TI Type Numbers 


OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER 
SN52L022 TLO22M SN72088* TLossct 
SN52L044 TLO44M SN72301A LM301A 
SN52101A LM101A SN72304 LM304 
SN52104 LM104 SN72305 LM305 
SN52105 LM105 SN72305A LM305A 1 
SN52106 LM106 SN72306 LM306 
SN52107 LM107 SN72307 LM307 
SN52108* TLosimt SN72308* TLos1ct 
SN52108A* TLgoimt SN72308A* TLosict 
SN52109 LM109 SN72309 LM309 
SN52110* SN72310* 

SN52111 LM111 SN72311 LM311 
SN52118 LM118 SN72318 LM318 
SN52506 TL506M SN72376 LM376 
SN52510 TL510M SN72440 TL440C 
SN52514 TL514M SN72506 TL506C 
SN52555 SE555 SN72510 TL510C 
SN52558 MC1558 SN72514 TL514C 
SN52660* TLos1t SN72555 NE555 
SN52702 TL702M SN72558 MC1458 
SN52702A uA702M SN72560 TL560C 
SN52709 uA709M SN72660* TLosict 
SN52709A uA709AM SN72702 TL702C 
SN52710 TL710M SN72709 uA709C 
SN52711 uA711M SN72710 TL710C 
SN52723 uA723M SN72711 uA711C 
SN52733 uA733M SN72720 TL720C 
SN52741 uA741M SN72723 uA723C 
SN52747 uA747M SN72733 uA733C 
SN52748 uA748M SN72741 uA741C 
SN52770* TLOosiMt SN72747 uA747C 
SN52771* TLos8iMt SN72748 uA748C 
SN52777 ‘uUA777M SN72770* TLosict 
SN52810 TL810M SN72771* TLosict 
SN52811 TL811M SN72777 uA777C 
SN52820 TL820M SN72810 TL810C 
SN5510* SN72811 TL811C 
SN5511* SN72820 TL820C 
SN5512* SN7510* 

SN5514* SN7511* 

SN56502 TL441M SN7512* 

SN56514* SN7514* 

SN62088* TLosgit SN76502 TL441C 
SN72L022 TLO22C SN76514* 

SN72L044 TLO44C 


*Not recommended for new design. 


T Recommended as replacement 
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OPERATIONAL AMPLIFIERS 
OPERATING FREE-AIR TEMPERATURE RANGE 


PACKAGE 
| FUNCTION —40°C 10 85°C {| —25°C to85°C | O0°C to 70°C TYPES 


Loe ae L,U 
TL702C U 


| —55°C to 125°C | —40°C to 85°C | 
i a ee A 
uA709AM 
| “arom 
uA709C J 


G 
kL 
J, JG, 
ree eet 
G 





2! 


123 


= 
a 
mts es 
a 
a 
clucec 
Cc 


c 

> 

~J 

= 

Q 

= 
Se 
ry2r 

Cc = 


20 Civ 
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General-Purpose 
Operational 


a 


Amplifiers 


J,L,W 
uA747C J,L,N,W 





LF155 
LF155A 
LF255 
LF355 
LF355A 





LF156 
LF156A 
LF 256 
LF356 
LF356A 
LFI57 
LFI57A : 
LF257 JG, L,P 
JFET-Input 
Gano LF357 JG,L,P 
Amplifiers LF357A JG, L, P 
JG, L,P 
L, P 


ee | AC* oS 
ee | 


LF2155 
LF2155A 
LF2255 
Dual 


LF2156 
LF2156A 












LF2355 
LF2355A 





© ~ 


LF2256 








LF2356A 


Poua fi Si ito 7 


*Future product, to be announced. 
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OPERATIONAL AMPLIFIERS 
oe ee 
TVPES 
LM118 JG,L,U 
ee Pm fe | a 
LM318 JG,L,P,U 
LM101A J,JG,L,U 
LM201A J, JG,L,N,P,U 74 
LM301A J, JG, L,N, P, U 


















Wide-Band 
Operational Amplifiers 





[M107 J, JG,L,U 
LM207 J, JG, L,N, P,U 77 
LM307 J, JG, L,N,P,U 
aan J,JG,t,U 
me | ance | 
[ee JG, | 
a a ee 
J 
5 ae Sa Be ae 
TLO22M JG,L 
a ae ee re 
Eo (ine 7 
a a ee ee 
TLO891 L 
ee a ee 


High-Performance 





Operational Amplifiers 














Low-Power 







Operational Amplifiers 






Chopper-Stabilized 
Operational Amplifiers 
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DIFFERENTIAL COMPARATORS 


=e OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
| —55°C to 125°C | ~40°C to8s°c | —25°cto8s°c | 0°c to 70°C TYPES 


J, JG,L,U 











TL710C J, JG, L,N, P,U 


J,JG,L,U 
TL810C J, JG, L,N, P,U 





ay 
oO 
~J 











Differential 





Comparators 


qj 
# 
r 
ms) 
—_ 
~J 
-_ 


- 
~ 
N 
2° 
oO 

= 

z 


4 
i 
ee] 
N 
i=] 
7) 

a 


J,N 


c Et 
LM139 J 
LM239 J,N 
LM339 J,N 
808 ee 


J, JG, L,N,P,U 
LM306 J, JG, L,N, P, U 


J,JG,L,U 
a ree Pee 
J, JG,L, U 
| swe | yt ne 
_W 
ee eee ee 
J 
Lonel 







Differential 






Comparators 
with Strobes 






157 
179 
173 
Dual-Channel Differential 207 
Comparators with Strobes 


J 
J,L,U 
J,L,U 
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VOLTAGE REGULATORS 
TING VIRTUAL-JUNCTION 
OPERATING Oo SRcu AGE 
FUNCTION TEMPERATURE RANGE 
°o o o oO oO TYPES 
—55°C to 150°C —25°C to 125°C | 0°C to 125°C 
LM117* KA 

LM217* KA, KC 
LM317* KA, KC 


uA78L02C JG, LP 
uA78L02AC JG, LP 
uA7805M 
5 Volts uA7805C 


Seomeaeaeed 
LM209 
LM309 
GATBLO5C ea ne LP 
uA78LO5AC JG, eo 
UATEMOSM 
uA78MO5C KC, KD, LA 
aie ee eee 
uA7806C KA, KC 
Vol 
Sale uA7BMO6M 
uA78M06C KC, KD, LA 
6.2 Volts 


uA78LO6C JG, LP 
uA78L06AC JG, LP 
uA7808M 
8 Volts 
uA78M08M 


uA7808C KA, << 
uA7885M 
8.5 Volts 


uA78LO08C 
uA78LO8AC s LP 
uA7812M 
12 Volts 
uA78M12M 


uA78MO8C KC, KD, LA 
uA7815M 
15 Volts 
UATEM15M 
A7818M 
18 Volts 


2 
uA78L12C JG, LP 
uA78L12AC JG, LP 
uA78M12C KC, KD, LA aot | 
A 
20 Volts neenene | 2st | 
24 Vol 
oe Rass Ea 
*Future product, to be announced. 













Adjustable Positive-Voltage 






Regulators 















Positive Fixed-Voltage 
Regulators 







uA78L15C 3G, LP 
UA78L15AC JG, LP 
uA78M15C ee KD, LA 
uA7818C " i 
uA78M20C KC, a) LA 
uA78M24C re KD, LA 
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FUNCTIONAL INDEX 





VOLTAGE REGULATORS 


OPERATING VIRTUAL-JUNCTION 
FUNCTION TEMPERATURE RANGE antes 
P=ss°ct0 150°C | -25°Ct0125°C | Octo | |. 
nll ese ED 
uA7905C KA, KC 
ait uA79MO5M LA 
 aataniees eee conti ee 
KA 
LA 
KA 
LA 
KA 
LA 
A 
A 
A 


uA7906M 


6 Volts 





uA79MO6M 

uA7908M 
Vv 

oéele uA79M08M 


uA7912M 


Negative Fixed-Voitage 
na 9 12 Volts 


Regulators uA79M12M 


K 
L 
K 
LA 
| earonaoe | wepenta | 2 
KA 
LA 
| waronrec | xeae.ta | 7 
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
FUNCTION 
iremare | eum | wemwer| wer oe . 


Se ee ae uA723M J,L,U 
recision Voltage Regulators uA723C J,L,N,U 


LM105 
LM205 
Positive-Voltage Regulators LM305 
LM305A 
LM376 


Negative-Voltage Regulators 


Shunt Regulator im ee TL430C JG, LP | 233 


TL497M J 
Switching Voltage Regulators TL4971 J,N 
TL497C J,N 


uA7915M 


15 Volts 
uA79M15M 


271 
271 
281 
271 
281 
271 
A7918M 
0 271 


18 Volts 


uA79M20M 
20 Volts 


uA7924M 


24 Volts 
uA79M24M 
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SPECIAL FUNCTIONS 


OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
0°C to 70°C TYPES 


TL610M IG 
SPST TL6101 JG,P 
L 
TL182C 


TL182M 
Dual SPST eT Te 
TL604I JG,P 
TLEOAC JG,P 
TL188M L 
TL188! L,N 
TLi8sc L,N 
TL601M JG 
SPDT i ~ 3 TL6011 
TL607 
TL6071 













ce 
22 


Analog Switches 


JG,P 
TL601C JG, P 
JG 
JG,P 339 
TL6O7C JG, P 










TL191M J 
Dual SPDT TL1911 J,N 
TL191C J,N 
TL185M J 
Dual DPST TL185) J,N 
TL185C J,N 
j Preckiontimes fe Es 
Precision Level Detector TL560C | 333 


TL440C 


: . - TL441M 
Logarithmic Amplifiers 
Differential Video Amplifiers uA733M 
with Gain Select 


Analog Processor eee en 
Digital Panel Meter Logic Contro! Device ee eal 


*Future product, to be announced. 


TL441C 


uA733C 
TLS500C* 
TLS02C* 
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INTERCHANGEABILITY GUIDE 
(ALPHABETICALLY BY MANUFACTURERS) 


Direct replacements were based on similarity of electrical and mechanical characteristics as shown in currently 
published data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Several of the popular Linear Interface circuits, not included in this book, are included in the interchangeability guides 
for your reference. 





Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained in this list. 


FAIRCHILD ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 








XXX D Cc 
Package Type Temperature Range 










D =C-DIP 
F = FLAT PACK 
P =PLASTIC DIP 
T=MINI DIP 

H = METAL CAN 


C = Commercial/tnductrial Consumer M = Military 
O°C to 70°C or 75°C —55°C to 125°C 
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FAIRCHILD Ti DIRECT Ti CLOSEST FAIRCHILD TI DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

uAINIA LM101A uA747 uA747 
nA104 LM104 LA748 uA748 
nA105 LM105 wA776 uA777 
BA107 LM107 “A777 uA777 
uA109 LM109 8T13 SN55121 
uAi11 LM111 8T14 SN55122 
LA139 LM139 8T23 SN75123 
HA2OIA LM201A 8T24 SN75124 
uA204 LM204 1458 MC1458 
uA205 LM205 1558 MC1558 
uA207 LM207 7524 SN7524 
BA209 LM209 7525 SN7525 
pA3Z01A LM301A uA7805 uA7805 
nwA304 LM304 uAT7806 uA7806 
BA305 LM305 uA7808 uA7808 
BuA305A LM305A BA7812 uA7812 
BA307 LM307 4uA7815 uA7815 
pnA309 LM309 uA7818 uA7818 
BA311 LM311 uA7824 uA7824 
BASTS LIVIS76 BA78LO5 uA78LO05 
HADS55 SE555 BLATBLO6 uA78L06 
wAT7O2 uA702 BAT8LO08 uA78L08 
“A709 uA709 uA78L12 uA78L12 
uUATOSA uA709A BA78L15 uA78L15 
“A710 uA710 uATBL26 UuA78L26 
MA711 uA711 HATBLOSA uA78LO5A 
MA7I5 LM118 uATBLOGA uA78LO6A 
wA723 uA723 BATBLO8A uA78LO8A 
uA733 uA733 BATBL1I2A UA78L12A 
BA734 LM111 HATBLI5A uA78L15A 
MA741 vA741 uATBL26A UA78L26A 
MA742 TL440 uA78M05 uA78M05 















FAIRCHILD Ti DIRECT Ti CLOSEST FAIRCHILD TI DIRECT Ti CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
uA78MO06 uA78M06 SN75189 
nA78M08 uA78M08 9617 SN75189A 
wAT8M12 uA78M12 SN75152 
wA78M15 uA78M15 SN75154 
pA78M20 uA78M20 9627 SN75152 
HA78M24 uA78M24 55107 SN55107A 
pA7905 uA7905 55108 SN55108A 
2A7906 uA7906 55109 SN55109 
2zA7908 uA7908 55110 SN55110 
uwA7912 uA7912 75325 SN75325 
wA7915 uA7915 75450 SN75450 
pA7924 uA7924 75451 SN75451 
pA7T9MO5 uA79M05 75452 SN75452 
nLAT9MO6 uA79MO06 75453 SN75453 
LA79MO08 uA79M08 75454 SN75454 
BwATOM12 uA79M12 75460 SN75460 
BATOM15 uA79M15 75461 SN75461 
HAT9M20 uA79M20 75462 SN75462 
HATSM24 uA79M24 75463 SN75463 
9614 SN75114 75491 SN75491 
9615 SN75115 75492 SN75492 
SN75150 
ate SN75188 
MOTOROLA ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 
MC XXX P 
Different Numbers F = Flat Package 
Are Used For Variations G = Metal Can 
In Operating Temperatures L =C-DIP 
P = Plastic 
MOTOROLA TI DIRECT Tt CLOSEST MOTOROLA T! DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT - REPLACEMENT REPLACEMENT 
MLM101A LM101A MC1433 LM301A 
MLM107 LM107 MC1439 LM301A 
MLM109 LM109 MC1455 NE555 
MLM111 LM111 MC1458 MC1458 
MLM201A LM201A MC1460 uA723 
MLM207 LM207 MC1461 uA723 
MLM209 M209 MC1463 uA723 
MLM211 LM211 MC1466 uA723 
MLM301A LM301A MC1469 uA723 
MLM304 LM304 MC1510 SN5510 
MLM305 LM305 MC1514 SN52514 
MLM307 LM307 MC1520 SN5511 
MLM309 LM309 MC1530 uA702 
MLM311 LM311 MC1531 uA702 
MC1414 TL514 MC1533 LM101A 
MC1420 uA733 MC1539 LM101A 
MC1430 uA702 MC1555 SE555 
MC1431 uA702 MC1558 MC1558 
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MOTOROLA TI DIRECT TI CLOSEST MOTOROLA TI DIRECT TI CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

MC1560 uA723 MC3302 LM3302 
MC1561 uA723 MC7705 uA78M05 
MC1563 uA723 MC7706 uA78M06 
MC1566 uA723 MC7708 uA78M08 
MC1569 uA723 MC7712 uA78M12 

MC7715 uA7EMIS 
MC1709 uA709 MC7720 uA78M20 
MC1710 uA710 MC7724 uA78M24 
MC1711 uA711 MC7805 uA7805 
MC1712 uA702 MC7806 uA7806 
MC1723 uA723 MC7808 uA7808 
MC1733 uA733 MC7812 uA7812 
MC1741 uA741 MC7815 uA7815 
MC1747 uA747 MC7818 -uA7818 
MC1748 uA748 MC7824 uA7824 
MC3302P LM339 

NATIONAL ORDER INFORMATION 
EXAMPLE OF ORDER CODE: 
LM 1 XXXX N 










lor7=55 Cto125 C 


= 55° D=C-DIP 
3 or 8=0°C to 70°C or 75°C 


N = Plastic DIP 
F = Flat Pack 
H = Metal Can 
N = Mini-DIP 








LM, LH = Linear 
DM = Line Ckts 
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NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

LF155 LF155 LM120-5 uA7905M 
LF1IS5A LF1IS5A LM120-6 uA79S06M 
LF255 LF255 LM120-8 uA7908M 
LF355 LF355 LM120-12 uA7912M 
LF355A LF355A LM120-15 uA7915M 
LF2155 LF2155 LM1 20-24 uA7924M 
LF2155A LF2155A LM122 LM122 
LF2156 LF2156 LM123 LM123 
LF2156A LF2156A LM124 LM124 
LF2255 LF2255 LMi39 LM139 
LF2256 LF2256 LM158 LM158 
LF2255 LF2o55 LIViSS LM193 
LF2356 LF2356 LM201A LM201A 
LM101A LM101A LM205 LM205 
LM102 LM102 LM206 LM206 
LM104 LM104 LM207 LM207 
LM105 LM105 LM209 LM209 
LM106 LM106 M211 LM211 
LM107 LM107 LM217 LM217 
LM109 LM109 LM218 LM218 

_~LM110 LM110 LM224 LM224 
LM111 LM111 LM239 LM239 
LM112 LM112 LM258 LM258 
LM117 LM117 LM293 LM293 
LM118 LM118 LM301A LM301A 


NATIONAL 


LM304 


LM305 
LM306 
LM307 
LM309 
LM311 
LM317 
LM318 
LM320T-5 
LM320T-6 
LM320T-8 
LM320T-12 
LM320T-15 
LM320T-24 
LM324 
LM339 
LM340T-5 
LM340T-6 
LM340T-8 
LM340T-12 
LM340T-15 
LM340T-18 
LM340T-24 
LM341-5 
LM341-6 
LM341-8 
LM341-12 
LM341-15 
LM341-24 
LM358 
LM376 
LM393 
LM555M 
LM555C 
LM709 
LM709A 
LM709C 
LM710 


TI DIRECT 


REPLACEMENT 


LM304 
LM305 
LM306 
LM307 
LM309 
LM311 
LM317 
LM318 
uA7905C 
uA7906C 
uA7908C 
uA7912C 
uA7915C 
uA7924C 
LM324 
LM339 
uA7805C 
uA7806C 
uA7808C 
uA7812C 
uA7815C 
uA7818C 
uA7824C 
uA78M05C 
uA78MO6C 
uA78M08C 
uA78M12C 
uA78M15C 
uA78M24C 
LM358 
LM376 
LM393 
SE555 
NE555 
uA709 
uA709A 
uA709C 
uA710 


TI CLOSEST 
REPLACEMENT 


NATIONAL 


LM710C 
LM711 
LM711C 
LM723 
LM723C 
LM733 
LM733C 
LM741 
LM741C 
LM747 
LM747C 
LM748 
LM748C 
LM1414N 
LM1458 
LM1514 
LM1558 


LM2901 
LM2902 
LM2903 
LM2904 
LM3302 
LM3900 
LM3905 
LM5520 
LM5521 
LM5522 
LM5523 
LM5524 
LM5525 
LM5528 
LM5529 
LM78LO05C 
LM78L08C 
LM78L12C 
LM78L15C 


TI DIRECT 
REPLACEMENT 


uA710C 
uA711 
uA711C 
uA723 
uA723C 
uA733 
uA733C 
uA741 
uA741C 
uA747 
uA747C 
uA748 
uA748C 
TL514C 
SN72558 
TL514M 
MC1558 


LM2901 
LM2902 
LM2903 
LM2904 
LM3302 


SN5520 
SN5521 
SN5522 
SN5523 
SN5524 
SNS525 
SN5528 
SN5529 
uA78LO5C 
uA78LO8C 
uA78L12C 
uA78L15C 


Tt CLOSEST 


REPLACEMENT 


TLO44 
NE555 
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EXAMPLE OF ORDER CODE: 





RAYTHEON ORDER INFORMATION 


M XXX L 


DNC = C-DIP 
DP, ND = Plastic DIP 
Q, J = Flat Pack 

TO = Metal Can 


Temperature Range 






M iz Military 


C = Consumer 


RAYTHEON TI DIRECT 
REPLACEMENT 
LM101A LM101A 
LM106 LM106 
LM107 LM107 
LM109 LM109 
LM111 LM111 
LM118 LM118 
LM124 LM124 
LM139 LM139 
LM158 LM158 
LM201A LM201A 
LM206 LM206 
LM207 LM207 
LM209 LM209 
LM211 LM211 
LM218 LM218 
LM224 LM224 
LM239 LM239 
LM258 LM258 
LM301A LM301A 
LM304 LM304 
LM305 LM305 
LM306 LM306 
LM307 LM307 
LM309 LM309 
LM311 LM311 
LM318 LM318 
LM324 LM324 
LM339 LM339 
LM358 LM358 
RC7805 uA7805C 
RC7806 uA7806C 
RC7808 uA7808C 
RC7812 uA7812C 


Ti CLOSEST RAYTHEON Ti DIRECT 

REPLACEMENT REPLACEMENT 
RC7815 uA7815C 
RC7818 uA7818C 
RC7824 uA7824C 
RC555 NE555 
RC702 uA702C 
RC709 uA709C 
RC710 uA710C 
RC711 uA711C 
RC723 uA723C 
RC733 uA733C 
RC741 uA741C 
RC747 uA747C . 
RC748 uA748C 
RC1458 MC1458 
RC3302 LM3302 
RC4136 RC4136 
RC4558 RC4558 
RC78XX uA78XXC 
RM555 SE555 
RM702 uA702M 
RM709 uA709M 
RM710 uA710M 
RM711 uA711M 
RM723 uA723M 
RM733 uA733M 
RM741 uA741M 
RM747 uA747M 
RM748 uA748M 
RM1514 TL514M 
RM1558 MC1558 
RM4136 RM4136 
RM4558 RM4558 





TI CLOSEST 


REPLACEMENT 





SIGNETICS ORDER INFORMATION 


EXAMPLE OF ORDER CODE: 



























NE XXXX B 
NE = 0°C to 70°C or 75°C F,1 =C-DIP 
SE = —55°C to 125°C A,B, N, V = Plastic DIP 
Q, W = Flat Pack 
SIGNETICS Tt DIRECT Tl CLOSEST SIGNETICS Tt DIRECT Ti CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 
LM101A LM101A NE78LO6 uA78LO6C 
LM107 LM107 NE78L08 uA78LO08C 
LM109 LM109 NE78L12 uA78L12C 
LM111 LM111 NE78L15 uA78L15C 
LM124 LM124 NE78M05 uA78MO05C 
LM139 LM139 NE78M20 uA78M20C 
LM201A LM201A NE78M24 uA78M24C 
LM207 LM207 SE532 LM158 
LM209 LM209 SE555 SE555 
LM211 LM211 $E5733 uA733M 
LM224 LM224 SE7805 uA7805M 
LM239 LM239 SE7806 uA7806M 
LM301A LM301A SE7808 uA7808M 
LM307 LM307 $E7812 uA7812M 
LM309 LM309 SE7815 uA7815M 
LM311 LM311 SE7824 uA7824M 
LM324 LM324 SE78M05 uA78M05M 
LM339 LM339 uA709 uA709 
NE532 LM358 uA709A uA709A 
NE555 NE555 uA710 uA710M 
NE5733 uA733C uA710C uA710C 
NE7805 uA7805C uA7/11 uA711M 
NE7806 uA7806C uA711C uA711C 
NE7808 uA7808C uA723 uA723M 
NE7812 uA7812C uA741 uA741M 
NE7815 uA7815C uA741C uA741C 
NE7824 uA7824C uA747C uA747C 
NE78L05 uA78LO5C uA748 uA748M 
uA748C uA748C 
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Thermal Information 
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THERMAL INFORMATION 





THERMAL RESISTANCES FOR LINEAR INTEGRATED CIRCUITS 


JUNCTION-TO-CASE JUNCTION-TO-AMBIENT 
THERMAL RESISTANCE THERMAL RESISTANCE 
Reyc CCW) Raya (C/W) 


56 122 
J ceramic dual-in-line 
60 116 


ate 14 25t git 
J ceramic dual-in-linet 
16 2gt gst 


JG ceramic dual-in-tine 
JG ceramic dual-in-tinet viot 


LP plastic plug-in SS SS (| 


: ec 45 108 
N plastic dual-in-line 
42 102 


pe eae ee 


; 126 
W ceramic flat 
124 


tT These ratings apply only for devices having a type number prefix of ‘‘SNC” or “SNM”, or a suffix of “/883."" 
For thermal resistances of KA, KC, and KD power packages, see individual product data sheets. 


J PACKAGES JG L PACKAGES LA LP 
PACKAGE PACKAGE PACKAGE 











N PACKAGES P U PACKAGES W PACKAGES 
PACKAGE 
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THERMAL INFORMATION 





CERAMIC DUAL-IN-LINE PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual datasheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


MOTE ETE EEE 
ANTE TETTT ET TTT 
SEEN TT ETT ETT TET 
Pte TEE EE 
AE Rbel SEE EEE 
TNANSNTS EEE EEE 
LLL BKSN NN TTT ETT 
LTT PANNE EET 
{LETT TTT ANSS AAT 
ET EET TEE ASST 
Ht ttt LSS. 
EL LLT TTT ET TTT TT TTT Ss 


oe 


100 25 


1400 





1300 





1200 






1100 






1000 






900 






800 






700 






600 






500 






Maximum Continuous Dissipation—mW 


400 






300 





Ta-—Free-Air Temperature—°C 


tThe dashed lines apply only for devices having a type number prefix of “SNC” or “SNM”, or a suffix of ““/833.”" 





98 TEXAS INSTRUM ENTS 


CORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


THERMAL INFORMATION 





AXIAL-LEAD PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


IMA 
CSA = 
SST 
TSO 
TOTES 
TTT 
HHINIVAOHINVEAINASS 
PRENIVAGNAVOQUIO 


25 50 75 100 125 
Ta—Free-Air Temperature—°C 


800 












700 


Sf 


600 


500 


400 


300 


MaximumContinuous Dissipation—mW 


200 


100 


tThis rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Raca, of not more than 105°C/w. 
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THERMAL INFORMATION 





PLASTIC DUAL-IN-LINE PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


“NUTT 
NUT 
WONT 
“TONNE 
“COON 
TPN 
“COOP WN 
“TOT PST 
“TOOT PS 
“TOE SS 


100 


1000 


oO 


90 


Oo 


60 


Oo 


Maximum Continuous Dissipation—mW 
=) 


=) 





25 50 75 100 125 


Ta—Free-Air Temperature—° C 
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THERMAL INFORMATION 





FLAT PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individuel data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 


SUMMIT 
NTT 
SUHASSCTTETAGEGT 
: N { 

Tans Can SUNT 
TUCPPESSELE ELE 

Da “NO 

BIUTAATEAISSUAASUEE 
CCLIECCLITCEIBSO 
cot 


T a—Free-Air Temperature—C 


1000 














900 


800 





700 


600 


500 


400 


Maximum Continuous Dissipation—mW 


300 


200 


5 
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Ordering Instructions ce 


and 
Mechanical Data 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 





ORDERING INSTRUCTIONS 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical! references refer to mechanical outline 


drawing shown in this section. 


Factory orders for cirucits described in this data book should include a five-part type number as explained in the 


following example. 













TL 022M JG /883B —00 


5. Instructions (Dash No.) 


MUST CONTAIN TWO NUMBERS 


(From Dash No. Column of Following Table) 


EXAMPLE: 











MUST CONTAIN TWO OR THREE LETTERS 
TI Linear Control Products 





TL 
SN TI Interface Products 
SNM Mach IV, Level | 
SNC Mach IV, Level II! SOLDER- ORDER 
STANDARD SECOND-SOURCE PREFIXES DIPPED {INSULATOR} DASH 
LF or LM National MC Motorola LEADS 
NE or SE Signetics uA Fairchild 
DUAL-IN-LINE PACKAGES 


RMor RC Raytheon 


2. Unique Circuit Designator 
Including Temperature Range 


MUST CONTAIN THREE TO SEVEN CHARACTERS 





(From Individual Data Sheets) 


ow 


PLUG-IN PACKAGES 
Luau [Yes [No [10 


Examples: 022M 1414 
101A 75450B 


107 78LO5AC 





3. Package 


MUST CONTAIN ONE OR TWO LETTERS 


J, JG, KA, KC, KD, L, LA, LP, ND, P, U, or W 
POWER PACKAGES 


(From Pin-Connection Diagram on Individual Data Sheet) 


4. MIL-STD-883B 
Method 5004, Class B 


NOT USED WITH PART NUMBERS HAVING AN SN PREFIX 








Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the 
customer (with possible additional costs), circuits will be shipped in the most practical carrier. 


Flat (U, W) Dual-!In-Line (J, JG, N, ND, P) Plug-In (L, LA, LP) 
—Slide Magazines . —Barnes Carrier 
—Sectioned Cardboard Box 


—A-Channel Plastic Tubing 
—Barnes Carrier —Individual Cardboard Box 
—Sectioned Cardboard Box 

—Individual Plastic Box 


—Barnes Carrier 
—Milton Ross Carrier 
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LINEAR CIRCUITS 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 





J ceramic dual-in-line package (inch dimensions, see page 46 for metric dimensions) 


These hermetically sealed dual-in-line packages consist of a ceramic, ceramic cap, and a 14-or 16-lead frame. The circuit 
bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for 
insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads (—00) require no 
additonal cleaning or processing when used in soldered assembly. 


14-PIN J CERAMIC 
(INCH) 


9.785 
0.755 


OO OOOO 


Falls Within JEDEC TO.116 end 
EIA MO-D01AA Dimensions 


0.025 R NOM 


OOMOOOOO 


0.070 MAX 14 PLACES 


GLASS 
SEALANT 


~ SEATING PLANE 
105° 0.030 MIN 
90 ao 14 PLACES 
14 PLACES 014 
pit 0.008 0.100 >be 2.029 14 PLACES 
14PLACES 06.130 0.070 : 


MIN 4PLACES 
PIN SPACING 0,100 T.P. 
(See Note a) 


Falls Within JEDEC TO-116 and 
MO-001 AA Dimensions 


16- PIN J CERAMIC 
(INCH) 


9.785 
0.755 


Ree aa 


0.025 R NOM 


O®OD OOOO 


0.070 MAX 16 PLACES 


105° - SEATING PLANE 
20° : 0.030 MIN 
16 PLACES 12 PLACES 


0,014 
alle 0.008 . 9.023 16 PLACES ie 
18 PLACES MIN 9.012 MIN , L, 


4PLACES 


9,059 
PIN SPACING 0.100 T.P. 0.015 4 PLACES 


(See Note a} 


NOTES: a, Each pin center line is located within 0.010 of 
its true longitudinal position. 
b. All dimensions are in inches unless otherwise 


noted, 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 





JG ceramic dual-in-line package (inch dimensions, see page 47 for metric dimensions) 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (“bright-dipped’’) leads 
require no additional cleaning or processing when used in soldered assembly. 


8-PIN JG CERAMIC 
(INCH) 


NOTES: a. Each center tine is located within 0.010 of its 
true longitudinal position. 
0.025 RNOM b, All dimensions are in inches unless otherwise 
noted. 


OOO®@ 


0.070 MAX 8 PLACES 


GLASS 
SEALANT 


~ SEATING PLANE 





0.030 MIN 
8 PLACES 
0.014 oe 


8 PLACES 
wit 5 008 0.065 be 9.923 8 PLACES 
Se eces 0.130 0.015 
4 PLACES 
PIN ca 0.100 TP. 
{See Note a} 





KA (TO-3) package (inch dimensions, see page 47 for metric dimensions) 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
(INCH) 


1.573 MAX 


ih i 0.312 MIN 
.525 R MAX 
ee - 2 LEADS 


0. po et 
1.050 MAX MAX 
5 eee A 


0.188R og SSS 2 HOLES 


BOTH ENDS 0.135 MAX 
Patna PLANE CASE TEMPERATURE 
MEASUREMENT POINT 


All dimensions are in inches 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 





KC (TO-220AB) package (inch dimensions, see page 48 for metric dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-220A8 DIMENSIONS 


0.032 + 0.003 
3 PLACES 





All dimensions are in inches 





NOTE: Notches may or may not be present. 


KD (TO-202AB) package (inch dimensions, see page 48 for metric dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-202AB DIMENSIONS 


(INCH) 


CASE TEMPERATURE 


0.060 MAX 
MEASUREMENT POINT 
i MIN 


All dimensions are in inches 
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LINEAR CIRCUITS 
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L and LA plug-in packages (inch dimensions, see page 49 for metric dimensions 


These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by 
an insulating glass sealant. The gold-plated leads (—O00) require no additional cleaning or processing when used in 
soldered assembly. 


















8-PIN L 
(INCH) 








0.185 +0 002 
a | 0.040 0.017 or 


4 
MES 
0.370 
3 8358 0.200 1 
5 
| 


as ace 500 MIN 


0.160 MAX DIA 






All dimensions are in inches inless otherwise noted, 





All dimensions are in inches unless otherwise noted, 






Same as JEDEC TO-99 and 
MO-O002AK except for 
diameter of standoff 






Same as JEDEC TO-100 and 
MO-OO6AD except for 
diameter of standoff 








3-PIN LA 
(INCH) 







0.600 MIN 
CASE TEMPERATURE 9,208 
MEASUREMENT POINT 


| 0.060 MAX 3 LEADS 
$i 





——— DIA 
0.380 o316 









9.019 DIA 


EATING 
PLANE 


Same as JEDEC TO-39 
except for reduced can height 





All dimensions are in inches unless otherwise noted, 
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LP silect plastic package (inch dimensions, see page 50 for metric dimensions) 


The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


(INCH) 


7 0.100 (NOTE A) 
—— a T 


aT 
0.100 + 0.005 
eal _ oo 0.500 MIN 
0.170 0.050 + 0.005 3 LEADS 


0.017 + 0.003 WIDE 
0.015 + 0.0005 THICK 


NOTES: A. Lead dimensions are not controlled in this area. 
B. All dimensions are in inches. 


P plastic dual-in-line package (inch dimensions, see page 50 for metric dimensions) 


This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics 
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows 
on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 


8-PIN P PLASTIC 
(INCH) 


0.400 MAX 


OOO ®O 


. Each pin is within 0.005 radius 
of true position (T.P.} at the 
l. 0.300 T.P. : Guess olan. with maximum 
ees © @) ® @) material condition and 
installed. 
. All| dimensions are in inches 
unless otherwise noted. 


0.250 + 0.010 0.070 MAX 8 PLACES 


nme al 


Diana PLANE 
vente PLANE 0,033 MIN 


8 PLACES 
£039 030 See Note 8) “wm 


0 " [enone £ 0.003 
0.011 t 0.003 : Pei 8 PLACES 
8 PLACES (See Note a) 


8 PLACES 
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N plastic dual-in-line package (inch dimensions, see page 51 for metric dimensions) 


These dual-in-line packages consist of a circuit mounted on a 14-or 16-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation 
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—00) require no 
additional! cleaning or processing when used in soldered assembly. 


16-PIN N PLASTIC 
(INCH) 


14-PIN N PLASTIC 
(INCH) 


0.870 MAX 


OOO OOVOOO 


0,093 R NOM 


0.160 NOM 
0.250 ¢ 0.016 


E ono NOM 


e 
°o 
14 PLACES 
0.325 
+ 0.025 
7 PLACES 


& & 


— SEATING PLANE 


0.011 + 0.003 
14 PLACES 


0.093 R NOM 
O10 NOM 


OVOOOOO® 
eal }e-0.070 MAX 14 PLACES 


0.020 MIN 
0.200 MAX ’ 


0.033 MIN 
0.125 MIN 14 PLACES 


> 0.018 0.003 
14 PLACES 


PIN SPACING 0.100 TP 
{See Note a) 


4 PLACES 


OOO OO OOO 


iat asie il 0.070 MAX 16 PLACES 


i] an 020 nits sgaaniin 
0.010 NOM 0.200 MAX 
— SEATING PLANE 
198; 0.033 MIN 
16 PLACES 


16 Places ,| 
a we eee 
0,125 MIN 16 PLACES 


0.080 NOM 


ae et 0. Ae TP. 
4 PLACES (See Note al 


ALTERNATE SIDE ViEW 


Package configuration of 

0,070 MAX 16 PLACES 
16-pin N package (see ———e na 
alternative sideviews) is 0. wane 27H a 


at the option of TI. 0.200 MAX 


WAYNE sna 
12 PLACES 
0,125 MIN \ ; 
16 PLACES 
08 PIN SPACING 0.100 T.P. 


4 PLACES (See Note a) 


Falls Within JEODEC TO-116 and 
MO-001AA Dimensions 


QUAD-IN-LINE LEAD CONFIGURATION 


a. Each pin center line is located within 0,010 of 
its true longitudinal position. 

b. All dimensions are in inches unless otherwise 
noted, 


OOO OOOO 
OOOOOOO 


. 


0.210 MAX 


SEATING 
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ND plastic package (inch dimensions, see page 52 for metric dimensions) 


This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. The package is intended for insertion in 
mounting rows on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are 
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 


ND PLASTIC 
(INCH) 


0.093 R NOM 


0.110 NOM 


0.070 MAX 
S PLACES 


0.200 MAX 


0.020 MIN 
C2 


0.040 MIN 
8 PLACES 


0.011 : 0.003 ; ae aioe zal l. 
.018 + 0.003 
10 PLACES 2 PLACES oSPLACES 


0. 100 TP. 0.300 TP. 
4 PLACES TARG 


0.600 T.P. 
. Each pin (or tab) center line is located within 
0.005 of its true longitudinal position (T.P.) 
. All dimensions are in inches unless otherwise 
noted. 


QUAD-IN-LINE LEAD CONFIGURATION 


(0) 
© 


SEATING 
PLANE 


All dimensions are in inches 





67 


42 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 





U ceramic flat packages (inch dimensions, see page 53 for metric dimensions) 


These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted. 
Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in 
soldered assembly. 


10-PIN U 14-PIN U 
(INCH) (INCH) 


MOOOO OOOOUO® 


PIN SPACING 


0.006 0.019 eae 0.050 TP 0.006 |= 0.050 TP 
0.006 10 LEAD 0.018 
“0.003 S 1 LEADS Sos | (See Note b) —>|}— a503 14 LEADS (See Note b) 


DATE CODE - DATE CODE 
= = = = = 


ALTERNATE 
ALTERNATE 
INDEX POINTS INDEX POINTS 


f= 250 eo ea ~o| J» 2018 14 LEADS 


Falls Within OOOO Falls Within O@OOOOOO 


JEDEC MO-O04AE Dimensions JEDEC MO-004AA Dimensions 


NOTES: a. All dimensions are in inches. 
b. Leads are within 0.005 radius of true position (TP) at maximum materia! condition. 
C. These dimensions determine a Zone within which all body and lead irregularities lie. 
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W ceramic flat packages (inch dimensions, see page 54 for metric dimensions) 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (‘’bright-dipped”) leads (—00) require no 
additional cleaning or processing when used in soldered assembly. 


14-PIN W CERAMIC 
(INCH) 


OO@OQOOOO® 


0.006 
0.003 >|} Lect 0.050 TP 
14 LEADS 12 PLACES 


BASE AND 
SEATING 0.019 
PLANE 6.015 

s 14 LEADS 


Falls Within 
JEDEC MO-004AA Dimensions 


NOTES: 

a. All dimensions are in inches. 

b. Index point is provided on cap for 
terminal identification only. 

Cc. Leads are within 0,005 radius of 
true position (TP) at maximum 
material condition, 

This dimension determines a zone 
within which all body and lead 
irregularities lie. 





16-PIN W CERAMIC 
(INCH) 
OOOOOOOO 


0.006 0.050 TP 
0.003 14 PLACES 


16 LEAOS 


0.019 


bz 0.018 
SEATING PLANE 16 LEADS 


0.025 
I Go10 


9.400 4 PLACES 


OQOOGOOOO 


Falls Within 
JEDEC MO-004AG Dimensions 


enim mmm 
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TYPICAL 
P.c. BOARD 
LAYOUT 
0.100 in {2.54 mm) — 0.050 in (1.27 mm) 
0.050 in (1.27 mm) 
0.200 in 0.300 in 
(5.08 mm) DIA (7.62 mm) en 
STD LEAD CIRCLE SPREAD LEAD 
FOR TO-99 PATTERN FOR 
To- 
(7.62 mm) (7.62 mm) oe 
STD MOUNTING STD MOUNTING 
PATTERN FOR PATTERN FOR 
8-PIN DIP 8-PIN DIP 
0.200-DIAMETER STANDARD 0.300-DiIAMETER SPREAD 
LEAD CIRCLE FOR TO-99 LEAD CIRCLE FOR TO-99 


PRINTED CIRCUIT BOARD PATTERN THAT ALLOWS 
INTERCHANGEABILITY OF 8-PIN DUAL-IN-LINE 
PACKAGE WITH TO-99 PLUG-IN PACKAGE 
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J ceramic dual-in-line packages (metric dimensions, see page 36 for inch dimensions) 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-or 16-lead frame. The 
circuit bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for 
insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) !eads (—00) require no 
additional cleaning or processing when used in soldered assembly. 


14-PIN J CERAMIC 16-PIN J CERAMIC 
(METRIC) (METRIC) 


0.63 R NOM 0.63 R NOM 


iad OOOOOOO 2 O®OOOOO® 


6.22 
1.27NOM 1.77 MAX 16 PLACES 


1.77 MAX 14 PLACES =] 
1.27 NOM 


t SEALANT 
6.08 
MAX _t . - SEATING PLANE 
= SEATING PLANE Posi 0.77 MIN 90° 
$ 


14 PLACES 16 PLACES 


\,- 2358 0.584 
0. 54 9.584 14 paces 0.204 3.30 16 PLACES 
14PLACES 3,30 7 oa In 0.381 16 PLACES MIN 9.304MIN 0.381 L, 


1. 
MIN 4PLACES ogee 
PIN SPACING 2.84 TP. 
{See Note a) 
PIN SPACING 2.64 TP. 127 4 paces 
0.39 
(See Note a} 


Falls Within JEDEC TO-116 and 
MO-001 AA Dimensions 


NOTES: a. Each pin center line is located within 0.26 mm 
of its true longitudinal position. 
b, All) dimensions are in millimeters unless 
otherwise noted, These dimensions are for 
reference only. Inch dimensions govern. 
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JG ceramic dual-in-line package (metric dimensions, see page 37 for inch dimensions) 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is 
intended for insertion in mounting-hole rows. on 7.62-mm centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads 
require no additional cleaning or processing when used in soldered assembly. 


8-PIN JG CERAMIC 
(METRIC) 


NOTES: a. Each center tine is located within 0.26-mm of its 
true longitudinal position 
ia sie b. All dimensions are in millimeters unless other- 
wise noted. These dimensions are for reference 
only. Inch dimensions govern. 


O@OO® 


1.78 MAX 8 PLACES 


GLASS 


5.08 SEALANT 
MAX : 


- SEATING PLANE or 
8 PLACES weg 
wit 020 1.65 >be aa B PLACES 
BPLACES 3.30 0.38 


MIN 
ER RGES PIN SPACING 2.54 T.P. 


(See Note a) 





KA (TO-3) package (metric dimensions, see page 37 for inch dimensions) 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
(METRIC) 


3.95 MAX 
7.92 MIN 


11,43 | 
13.34 R MAX 6.35 1.09 O10 2, EADS 
a 0.96 
7 


22.23 = 
26.67 MAX MAX 


DIA 


fo +t — —— 
4.78 R MAX ‘ 2 HOLES 
BOTH ENDS 3.43 MAX 
SEATING PLANE CASE TEMPERATURE 
MEASUREMENT POINT 


All dimensions are in millimeters 
These dimensions are for reference only. Inch dimensions govern. 
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KC (TO-220AB) package (metric dimensions, see page 38 for inch dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-220AB DIMENSIONS 


(METRIC) 


0.81 + 0.08 


3 PLACES 0.635 R NOM 
2 PLACES 
(SEE NOTE) 


2.93 
2.03 All dimensions are in miltimeters, 0.51 
These dimensions are for reference only. Inch dimensions govern. 


NOTE: Notches may or may not be present. 





KD (TO-202AB) package (metric dimensions, see page 38 for inch dimensions) 


THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC TO-202AB DIMENSIONS 


(METRIC) 


CASE TEMPERATURE 1.53 MAX 
MEASUREMENT POINT 


1. Emitter 
2. Base 
3. Collector 


All dimensions are tn millimeters 
These dimensions are for reference only. Inch dimensions govern. 
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L and LA plug-in packages (metric dimensions, see page 39 for inch dimensions) 


These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by 
an insulating glass sealant. The gold-plated leads (—00) require no additional cleaning or processing when used in 
soldered assembly. 















8-PIN L 
(METRIC) 






10-PIN L 
(METRIC) 


4.06 MAX DIA 


12.7 MIN 






All dimensions are in millimeters unless otherwise noted, 
These dimensions are for reference only. Inch dimensions govern. 







All dimensions are in millimeters unless otherwise noted. 
These dimensions are for reference only. Inch dimensions govern, 







Same as JEDEC TO-99 and 
MO-O02AK except for 
diameter of standoff 










Same as JEDEC TO-100 and 
MO-OO6GAD except for 
diameter of standoff 





3-PINLA 


(METRIC) 


12.7 MIN 
CASE TEMPERATURE ae 
MEASUREMENT POINT 


>| 1.62 MAX 3 LEADS 
0.482 
s 

















0.407 OA 


EATING 
PLANE 


Same as JEDEC TO-39 
except for reduced can height 








All dimensions are in millimeters unless otherwise noted. 
These dimensions are for reference only, Inch dimensions govern. 
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LP silect plastic package (metric dimensions, see page 40 for inch dimensions) 


The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 


(METRIC) 


1.27 + 0.13 3 LEADS 
0.43 + 0.08 WIDE 
0.38 + 0.014 THICK 


NOTES: A. Lead dimensionsare not controlled in this area. 

B. All) dimensions are in millimeters, These 

dimensions are for reference only. Inch 
dimensions govern. 





P plastic dual-in-line package (metric dimensions, see page 40 for inch dimensions) 


This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics 
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows 
on 7.62-mm centers. Once the leads are compressed to 7.62-mm separation and inserted, sufficient tension is provided 
to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or processing 
when used in soldered assembly. 


8-PIN P PLASTIC 
(METRIC) 


10.16 + 0.25 


OOO © 


. Each pin is within 0.127 mm 

INDEX DOT radius of true position (T.P.) at 

the guage plane with maximum 

q material condition and unit 


agl imeteatinag 
Per eter reer 


iSee Note a} 
@) @) @) ©) b All dimension are in millimeters 


6.35 t 0.26 unless otherwise noted. These 


1.77 MAX 8 PLACES 
dimensions are for reference 


only. Inch dimensions govern. 





5.08 MAX 
bwin PLANE = 
GAUGE PLANE 447 Cost 0.84 MIN 
os (See Note a) MIN MIN 8 PLACES 
; 
a 2.54 TP. 4 4 947 ¢ 0.076 
4 ‘srtaces —RLACES, xen 
67 
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N plastic dual-in-line packages (metric dimensions, see page 41 for inch dimensions) 


These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation 
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—00) require no 
additional cleaning or processing when used in soldered assembly. 


14-PIN N PLASTIC 
(METRIC) 


130 
OO®QOOO® 


O@® OOO® 12 PLACES 


16 PLACES 
ae 0.279 + 0.076 >| he 0.457 + 0.076 
18 PLACES 


16-PIN N PLASTIC 
(METRIC) 


22.1 MAX 


OOQOOOXO®D 


O@OOOOOO 


i i 1.77 MAX 16 PLACES 


2.36 R NOM 
2.79 NOM 





he 25 NOM 


— SEATING PLANE 
15 


4 PLACES ai\e= 0.279 + 0.76 
14 PLACES 
(See Notes ¢ and d) 


>| je 1.77 MAX 14 PLACES 


0.51 MIN 
5.08 MAX yy 


0.083 MIN 
14 PLACES 


>| jae 0.457 4 0.076 


14 PLACES 
{See Notes c and d} 


£0.51 
4 PLACES PIN SPACING 2.54 TP, 


0.39 PIN SPACING 2.54 TP. 
4 PLACES {See Note a} 


ALTERNATE SIDE VIEW 
Package configuration of el pe 1.77 MAX 16 PLACES 
16-pin N package (see 
aiternative sideviews) is 
at the option of TI. 


0.51 MIN 
+ _| 


5.08 MAX 


12 PLACES 





(Sea Note a} 


a & 0.457 s 0.076 
16 PLACES 


0.39 i PIN SPACING 2.54 TP. 
4PLACES (See Note a} 


Falls Within JEDEC TO-116 and 
MO-001 AA Dimensions 


QUAD-IN-LINE LEAD CONFIGURATION 


NOTES: a. Each pin centerline is focated within 0.26 mm 
of its true longitudinal position. 
b. All dimensions are in millimeters unless 
otherwise noted. These dimensions are for 
reference only. Inch dimensions govern. 


OOO OOOO 
OOOOOCOO 


2m 


§.33 MAX 


SEATING 
2.54 MIN 
2.54 


20.38 


TEXAS INSTRUMENTS 51 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 





LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 





ND-package (metric dimensions, see page 42 for inch dimensions) 


This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. The package is intended for insertion in 
mounting-hole rows on 7.62-mm centers. Once the leads are compressed to 7.62-mm separation and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are 
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional! cleaning or 
processing when used in soldered assembly. 


ND PLASTIC 
(METRIC) 


2.36 R NOM 
2.79 NOM 


1.77 MAX 
& PLACES 


5.08 MAX 


0.51 MIND 


SEATING PLANE 


1.01 MIN 
S PLACES 


igs tan san ' aisles) ell. 
10 PLACES ' 22 : 0. 0.457 + 0.078 
2 PLACES B PLACES 


2.54 TP. 7.62 TP, 
4 PLACES TABG 


NOTES: a. Each pin (or tab) center line is located within ils 


0.127 mm of its true longitudinal position 
(T.P.) 

. All) dimensions are in millimeters unless 
otherwise noted. These dimensions are for 
reference only. Inch dimensions govern. 





QUAD-IN-LINE LEAD CONFIGURATION 


il 


OO 


eFC) 
00 


SEATING 


All dimensions are in millimeters. 
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U ceramic flat packages (metric dimensions, see page 43 for inch dimensions) 


These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted. 
Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in 
soldered assembly. 


10-PIN U 14-PIN U 
(METRIC) (METRIC) 


OOOOO PIN SPACING 


0,152 0.482 0.152 
ea LEA pennies — 1.27 T.P. ‘ | o- — se 4 LEADS 
0.077 ice p38 (See Note b) BL 


ALTERNATE 
INDEX POINTS 


OOOOOO® 
a 


PIN SPACING 
1.27 TP. 
(See Note b} 


DATE CODE 


ALTERNATE 
INDEX POINTS 





- + saat 14 LEADS 


OOOOOOO | 


Falls Within Falls Within 
JEDEC MO-O04AE Dimensions JEDEC MO-004AA Dimensions 


. Al dimensions are in milfimeters. These dimensions are for reference only, Inch 
dimensions govern, 

. Leads are within 0.13 mm radius of true position (TP) at maximum material 
condition, 

. these dimensions determine a zone within which all body and lead irregularities 
lie. 
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W ceramic flat packages (metric dimensions, see page 44 for inch dimensions) 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or 


16-lead frame. 


Hermetic sealing is accomplished with glass. Tin-plated ("“bright-dipped’”) leads (—O0O) require no 


additional cleaning or processing when used in soldered assembly. 


14-PIN W CERAMIC 
(METRIC) 


QOOOOOOO 


0.152 
0.077 ote leo|- 1.27 TP 


14 LEADS if 12 PLACES 


(See Note c) 
8.00 


i 


BASE AND 
SEATING 0.482 
PLANE 0.381 


aan [{t 14 LEADS 


ioe 
as Note d) scwl b) 


0.63 
8.89 > 025 


QQOOOOD 


Falls Within 
JEDEC MO-004AA Dimensions 


NOTES: 

a All dimensions are in millimeters. 
These dimensions are for reference 
only. Inch dimensions govern, 

b. Index point is provided on cap for 
terminal identification only. 

c. Leads are within 0.13 mm radius of 
true position (TP) at maximum 
material condition. 

d. This dimension determines a zone 
within which all body and lead 
irregularities lie. 


16-PIN W CERAMIC 
(METRIC) 
OOOOOOOO 


1.27 TP 
14 PLACES 
(See Note c} 


16 LEADS 


BASE AND 
SEATING 0.482 


O33 
PLANE 16 LEADS 


1036 “| os 
OOQOQOOOOO® 


Falls Within 
JEDEC MO-004AG Dimensions 








16 PIN 
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OPERATIONAL AMPLIFIER SELECTION GUIDE 








OPERATIONAL AMPLIFIERS 


Input Offset Input Offset Input Bias : Slew Rate at 
Bandwidth : : 
Voltage Current Current Unity Gain 


TLO44 





Input Offset Input Offset Input Bias Slew Rate at 
Voltage Current Current Unity Gain 





LF2156A, LF2356A 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 





Input Offset Voltage (Vic) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 


Average Temperature Coefficient of Input Offset Voltage (ayo) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


_ [Yio @ Tai) — (Vio @ Ta(2)) 


where TA(1) and Ta(2) are the specified temperature extremes. 
TA(1) — TA(2) 


avio 


Input Offset Current (I,Q) 
The difference between the currents into the two input terminals with the output at zero volts. 
Average Temperature Coefficient of Input Offset Current (ayo) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 





(19 @ TA(1)) — (Ho @ TA(2)) 


where T A(1) and TA(2) are the specified temperature extremes. 
TA(1) — TA(2) 


ai10 


Input Bias Current (1)pB) 
The average of the currents into the two input terminals with the output at zero volts. 
Input voltage Range (Vj) 


The range of voltage that if exceeded at either input terminal will cause the amplifier to cease functioning properly. 
Common-Mode Input Voltage (Vic) 

The average of the two input voltages. 
Common-Mode Input Voltage Range (Vicr) 

‘The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 
Differential Input Voltage (Vip) 

The voltage at the noninverting input with respect to the inverting input. 
Maximum Peak Output Voltage Swing (Vojy) 


The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) 


The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 
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Large-Signal Voltage Amplification (Ay) 

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 
Differential Voltage Amplification (Ayp) 

The ratio of the change in output voltage to the change in differential input voltage producing it. 
Maximum-Output-Swing Bandwidth (Bony) 

The range of frequencies within which the maximum output voltage swing is above a specified value. 
Unity-Gain Bandwidth (B+) 

The range of frequencies within which the open-loop voltage amplification ts greater than unity. 


Phase Margin (4) 


The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 


Gain Margin (Am) 





The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is such 
that the output is in phase with the inverting input. 


Input Resistance (rj) 
The resistance between the input terminals with either input grounded. 
Differential Input Resistance (rjq) 


The small-signal resistance between the two ungrounded input terminals. 
Output Resistance (ro) 

The resistance between the output terminal and ground. 
Input Capacitance (C;) 

The capacitance between the input terminals with either input grounded. 
Common-Mode Input Impedance (zj¢) 

The parallel sum of the small-signal impedance between each input terminal and ground. 
Output Impedance (z9) 


The small-signal impedance between the output terminal and ground. 
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Common-Mode Rejection Ratio (kcnR, CMRR) 
The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in 
input offset voltage. 
Supply Voltage Sensitivity (ksys, AVi9/AVcc) 
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage sensitivity. 
Supply Voltage Rejection Ratio (kgyrR, AVCC/AV 19) 
The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 


NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. This is the reciprocal of supply voltage rejection ratio. 


Equivalent Input Noise Voltage (Vj) 
The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals of 
the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 

Equivalent Input Noise Current (tp) 
The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input 
terminals of the device that represents the part of the internally generated noise that can properly be represented by a 
current source. 


Short-Circuit Output Current (los) 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to a 
specified point. 


Supply Current (cc) 
The current into the Vcc or Vcc+ terminal of an integrated circuit. 
Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: Atno load: Pp = Vcc+: !cc++ Vec—: Iec—- 


Channel Separation (V91/Vo2) 


The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another 
channel. 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 





Rise Time (t,) 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (tto¢) 


The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (te) containing the final output signal level. 


Overshoot Factor 


The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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TYPES LF155, LFI55A, LF156, LFISGA. LF157. 
une Hee hace de su 
INTEGRATED CIRCUITS JEET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612387, JUNE 1976 






e Rugged JFET’s Allow Blow-Out-Free e Low Input Offset Voltage Temperature 


Handling Compared with Coefficient ...5 pV/°C Typ 
MOSFET-Input Devices 


e High Input Impedance... 10'2 2 Typ 
e Offset Adjustment Does Not Degrade 


«VIO or Common-Mode Rejection e High Common-Mode Rejection Ratio 
as in Most Bipolar Amplifiers ° High DC Voltage Gain... 200 V/mV Typ 
e Low Input Bias Current ...30 pA Typ e No External Frequency Compensation Required 


e Low Input Offset Current...3pATyp =e Low Equivalent Input Noise Current 


quick selection guides 


TYPES OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 
55°C 10 125°C | ~25°C 10 85"C | OC 970°C 





Pasture | TSav JRE [ 25 WTAE [Zima Sw [50 Vhs [12 Whe [5 Ve 


TYP | TYPBANDWIDTH | TYP V, TYP SLEW RATE 





description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW) 


incorporate well-matched, high-voltage BI-FET 
technology (JFET’s on the same chip with standard a oe 
bipolar transistors). The devices feature low input NC Vec+ PUT ANCE 
bias and offset currents, low offset voltage and offset 
voltage temperature coefficient, coupled with offset 
adjustment that does not degrade temperature co- 
efficient or common-mode rejection. The devices are 
also designed for wide bandwidths, high slew rate, 
extremely fast settling time, low equivalent input 
noise voltage and current, and a low 1/f corner. 


BAL- INV NON- Vcc 





hid 
The LF155, LF155A, LF156, LF156A, LF157, and ance inet ineur PIN'O AS INVELECTRICAL 
CONTACT WITH THE CASE 
LF157A are characterized for operation over the full 
military temperature range of —55°C to 125°C; the NC—No interna! connection 


LF255, LF256, and LF257 are characterized for 
operation from —25 C to 85°C; the LF355, LF355A, 
LF356, LF356A, LF357, and LF357A_ are 
characterized for operation from O°C to 70°C. 
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TYPES LF155, LF155A, LF156, LF15GA, LF157, LF157A, LF255, 
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 





schematic 


BALANCE 





Component values shown are nominal, 
To1=2 pF on LF157, LF157A, LF257, L F357, and LF357A. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vec+ (see Note 1) 
Supply voltage Vcc— (see Note 1) 
Differential input voltage (see Note 2) 


Input voltage (see Notes 1 and 3) Vv 


Duration of output short-circuit (see Note 4) unlimited | | 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) | 670 | 670 | 670 | mw | 
[Operating reeair teomperaturevonge id 810 175 | 251065 | O17 | “C_ 


Lead temperature 1/16 inch from case for 60 seconds JGorLpackage | 300 | 300 =| 300 | °C | 
Lead temperature 1/16 inch from case for 10 seconds P package | 260 {260 | S260 | °C CF 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 

the zero reference level is the midpoint between Vcc; and Vcoc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 

5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Raca, of not more than 105°C/W. 
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TYPES LF155, LF156, LF157, LF255, 
LF256, LF257, LF355, LF356, LF357 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 

















RFI 
MIN TYP MAX 





Cc 


PARAMETER TEST CONDITIONST 


V Input offset volt etna 
offset volta 
lo nee - Rs = 502, TA = full range 


Temperature coefficient 
aVvio : Rs =502, Ta = full range 


NIT 


a ee ee ee 
MIN TYP MAX {MIN TYP MAX 


of input offset voltage 


< 







Change in temperature 
Aay 


coefficient with offset 
AVio 


Rs =502 





voltage adjustment 


ho Input offset current 
lip Input bias current 


Common-mode input 


NO 
NO 
oO 


~ 
:“ 
< 
~ 
o 
QO 


30 100 pA 


w 
oO ~~ 


TA = full range 
A 


T 


= full range 








+11 «#9415 

























V t to 
icR voltage range ° 
—11 
Maximum peak-to-peak 
Vopp ee | Veen = 215 V, RL=10 ke 24 ©8626 2 26 


Output voltage swing 
Vcecs = +15 V, 
RL =2k2Q, 
Vo =+10 V 





Ta =25°C 
TA = full range 


Large-signal differential 50 200 


N 
ol 


voltage amplification 







NO 
ol 


4.5 





By Unity-gain bandwidth 


rj Input resistance 
Cj Input capacitance 


Common-mode rejection 





N 
(o>) 


‘57 





CMRR : Rg = 502 85 100 85 100 
ratio 
S ly voltage rejectio 
ratio 









No 
oO 
nN 
1o7] 


Ag= 1008, | _s5 
f = 100 Hz "56, ‘57 
Ag= 1008, |B 


f= 1 kHz 56, ‘57 
: current f=1 kHz 
No signal ‘656, '57 


*ksvr = AVccr/AV jo. 

TAII characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vcc+ = +15 V to +20 V for 
LF1__ and LF2__, Vecs = +15 V for LF3__. Full range for Ta is —55°C to 125°C for LF1__, —25°C to 85°C for LF2__, and 0°C to 
70°C for LF3__. 






Equivalent input noise 


No 
oS 


voltage 










on 
~J 





o 
~J 





operating characteristics, VcC+ = 15 V, VcCc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Total response time avon ION, Av=-t 
ttot as € = £0.01%, 
(settling time) 


Seo Figure 1 


LF1__ 





















~“ 


AVo0= 10 V, 
See Figure 2 





SR Slew rate 12 





= 
o 






es) 
o 
oi 
oO 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


65 





TYPES LF155A, LF156A, LF157A, 
LF355A, LF356A, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


LF1__A LF3__A 
PARAMETER TEST COND!TIONST | LFI--A 
| paramerer =| Testconpivionst | MIN TYP MAX |MIN TYP MAX 


Ag= 600 Feet ie eee 
Vio Input offset voltage m 












Cc 
= 
a) 






V 

fee ee 

AIO Tempero coefficient of As=s00,  Ta=turarge) 3S ae 

input offset voltage 

Aavio Change in temperature coefficient ees nV/?C 

AVIO with offset voltage adjustment seen ya 
Ce 

oe el 
a ee) 
|Ta=fullrange OT 


Vec4=+15V, RL =10k2 
Ta = 25°C 


7 © 
p seA | | 
eee ee 


10 







3 pA 
nA 
pA 

15 
Common-mode input voltage 






VICR 






range 





Maximum peak-to-peak 







VOPP 






output voltage swing 





Large-signal differential 





AVD VimvV 








voltage amplification 


Unity-gain bandwidth 








; Input resistance rs bee ae 
CMRR Common-mode rejection ratio Rs = 502 85 85 100 


100 
Pésva® Supply voltage rejection ratio | _——SS—SCSCSCSCS 8B TO __—i 8B F00 
Ag= 1008, [__S5A__| 8 
Ag=1008, [|__ssA_|_20_~—~«| SCS 
fetkiz [Bena] 
801 


f= 1002 aor 
f1 Ws = OO 


| ao Noted, [6A [_—2 
u curren 


* 

ksvr— = 4Vccr/AVi0. 
TAI characteristics are specified under open-loop operation, unless otherwise’ noted. Also unless otherwise noted, Vcec+= +15 V to 20 V for 
LF1——A and LF3——A, Full range for Ta is —55°C to 125°C for LF1——A and 0°C to 70°C for LF3—A. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


LF1__A LF3__A 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX|MIN TYP MAX 





Vn Equivalent input noise voltage 







3 
> 











trot Total response time (settling time) | € = +0.01%, ‘seA; =i a5 CU] us 
eat wA[ 35. [351 
sr Stew rat omen sea 1042 —+4| toads 
: Ay=—8_[sm[ 4050 4050 
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LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 










R2=2k2 VI 
INPUT For Ay =—1, V,=10V 
For Ay=-5, Vj=2V 
———T EET EB eee eS EE eee 0 
k#— ttot —| 
VeCs= Toe OUTPUT 
a =F? 
ve RI 
ForAy=-1, R1=2k2 ees 
ForAy=—-5, R1=4002 100% — 
—€é 
TEST CIRCUIT — VOLTAGE WAVEFORMS 


FIGURE 1—TOTAL RESPONSE TIME 
















R2=2k2 

Vy 

input | FOrAv=—1, Vi=10¥ 

For Ay =—-5, Vi =2V 
——dOv 
——i10V 
Vec— =—15 V = OUTPUT 
10% 
BS RE Ye ee Geet Se eee se OV 
Av =-—— | 
ve RT oe “e 
t 
ForAy=—-1, R1=2kQ PEAS, 
ForAy=-5, R1=4002 | tt 
‘TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2~SLEW RATE 
° PRINTED IN U.S.A. 
Ti cannot assume any responsibility for ony circuits shown 67 
. or represent that they are free from patent infringement. TEXAS INSTRUM ENTS 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF215/7, 


LINEAR LF2157A, LF2255, LF2256, LF2257, LF2355, 
INTEGRATED LF2355A, LF2356, LF2356A, LF2357, LF2357A 
CIRCUIT DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612420, JUNE 1976 





e Rugged JFET’s Allow Blow-Out-Free e Low Input Offset Voltage Temperature 
Handling Compared with Coefficient ...5uV/°C Typ 


MOSFET-Input Devices 
e Low Input Bias Current... 30 pA Typ 
e Low Input Offset Current ...3 pA Typ 
e High Input Impedance ... 1012 Q Typ 


High Common-Mode Rejection Ratio 
High DC Voltage Gain... 200 V/mV Typ 
No External Frequency Compensation Required 


Low Equivalent Input Noise Current 


quick selection guides 


OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 













TYP BANDWI | TYPBANDWIDTH | TYP Vy, TYP SLEW RATE 


Pasir [TEAVIVRE [BE mVITRE [Pm | SA | 50 Was [12 Wh [5 We 


‘55, ‘55A 
‘56, ‘56A 
‘57,'57A 





description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW) 
incorporate well-matched, high-voltage BI-FET : 
technology (JFET’s on the same chip with standard AMPLIFIER 2 =. NON 
bipolar transistors). The devices feature low input Vcc+ PUT INPUT INPUT 


bias and offset currents, low offset voltage, and low 
offset voltage temperature coefficient. The devices 
are also designed for wide bandwidths, high slew rate, 
extremely fast settling time, low equivalent input 
noise voltage and current, and a low 1/f corner. 


The LF2155, LF2155A, LF2156, F2156A, Pr] a} rae 
LF2157, and LF2157A are characterized for sur TW. SOM) Voc 7 
operation over the full military temperature range of dialer’ PUT PIN 41S IN ELECTRICAL 





—55°C to 125°C; the LF2255, LF2256, and LF2257 Pre ee ee 
are characterized for operation from —25 C to 85°C; 

the LF2355, LF2355A, LF2356, LF2356A, LF2357, 

and LF2357A are characterized for operation from 

0°C to 70°C. 





TEXAS INSTRUMENTS 69 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


70 


TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 





TO OTHER 
AMPLIFIER 







OVcc+ 







a 
a 


re + 
P) LES 
eel an 
Vv ee ry, 

- Y a: 
eames 
Component values shown are aan ; 

to = 2 PF on LF2157, LF2157A, LF2257, LF 2357, and LF2357A. 


O OUTPUT 


O Vcc-— 


TO OTHER 
AMPLIFIER 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
LF21—— ae EP Zee iN a 
LF21--A LF23--A 
Supply voltage Voce (see Note 1) Pp 2 | 
Supply voltage Voc_ (see Note 1) 


Differential input votage (see Note 2) 40 [a0 | 80d 
Input voltage (see Notes T and 3 [200s 
0 









<[< 





< 





< 





—18 
+30 
+20 +15 
Duration of output short-circuit (one amplifier, see Note 4) | unlimited | unlimited | 
[Operating tesairtemperawrerange «d(H 1S] ~2STOBS | Ow 7O | “C 
=65 0 150 


Lead temperature 1/16 inch from case for 60 seconds JGorLpackage | 300 | 300 +‘| 300 ~ | °C | 
Lead temperature 1/16 inch from case for 10 seconds P package | 260 {260 | °C CY 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference fevel (ground) of the supply voltages where 

the zero reference level is the midpoint between Voc and Voc_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 

5. For operation above 25°C free-air temperature, refer to the Dissipation DeratIng Curves, Section 2, This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Raca, of not more than 105 C/W. 














o) 
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF215/7, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONST ra Ene a 
MIN TYP MAX /MIN TYP MAX ]MIN TYP MAX 
Rs = ee) 
V I t offset volt 
T ffici 
eVIO emperature coeiticient Rs = 502, Ta = full range uVvPc 
of input offset voltage 
pe 


nm Change in temperature 
VIO Rs = 502 
voltage adjustment 
ee) pA 















7 


n 
3 
+e) 








coefficient with offset 









AViO 
lio Input offset current 
Tas full range ee | 3 
) | 30100 | 30__200| pA 
lie Input bias current 


Common-mode input 


+11 +15 












VICR 






voltage range 










Maximum k-to-peak 
Ves aximum pea pea Vecs =+15V, RL =10k2 


output voltage swing pe 
Vv = +15 V, 


Vo = #10 V TA = full range 









Large-signa! differential 
AVD 





voltage amplification 







Unity-gain bandwidth 


rj Input resistance 
Cj Input capacitance 


Co -mode rejecti 
CMRR noe mode rejection Rs = 502 85 100 
ratio 


‘ 7 Supply voltage rejection 
“SVR ratio 


Equivalent input noise 







‘57 








Rs = 100 2, 
f = 100 Hz ‘56, 57 
Rs = 100 2, 





voltage 


Equivalent input noise 
o current 
No Joad, 
Icc Supply current : 
No signal 


*ksvR = AVccs/AVio. 

TAI characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vcc+ = +15 V to +20 V for 
LF21__. and LF22__, Vcc = +15 V for LF23__. Full range for Ta is —55°C to 125°C for LF21__, —25°C to 85°C for LF22__, 
and O°C to 70°C for LF23__. 






f = 100 Hz 









‘BG, ‘57 





operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS ae as UNIT 
MIN TYP MAX| MIN TYP MAX|MIN TYP MAX 


A = 
VORIOV: lec) (ESD 


a ae ee 
pe Kl a a 
as 
ee ee 










T otal response time 
(settling time). 











ttot 


See Figure 1 ‘57 







4V9g= 10 V, 
See Figure 2 


SR Slew rate 


Ay =-1 “65 
se 












TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


71 





TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 





electrical characteristics, TA = 25°C (unless otherwise noted) 


ere ee ee 
PARAMETER TEST CONDITI MIN = a MIN TYP MAX juni | 
? ea mae se a 
i escalates As= 508, Ta= fullrange Reena 
T t oefficient of 
sure emperature coefficien Rs = 502, T= fullrenns uVPC 
input offset voltage 
Aavio Change in temperature coefficient we C 
AVIO with offset voltage adjustment 
10 
| wa ae ae ae ee 
, Peer rers: ao 

































ras 
Lae 
Be 3 
| nA 
2 
eee asd 
ee 
a 


+11 +15 

Common-mode input voltage 
VICR to to 
ia -~11 -12 





ae Maximum peak-to-peak Veci=#15V, REL =10k2 
output voltage swing i ‘ 









Vecs = +15 V, 
RL =2kQ, 


ol 
ina 


_ 25°C 
= full range 


Large-signal differential 





voltage amplification 


nN 
fit 


‘655A 


Unity-gain bandwidth ‘656A 


'B7A 
re _Inputresstnce———SSC~‘dSC“‘CSCCOC#C#C#‘“‘#S‘Y‘CC*O2 
Per tnputcepecitnes 
100 
Rg = 100 2, 
f= 100 He 
Rs = 1002, 


Equivalent input noise current 


pA//Hz 
' Casal ‘ = load, "55A 
e 
ce i a aa No signal ‘56A, ‘574A 
ksvr = 4Vccr/AVio. 


TAIl characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vec+= £15 V to 20 V for 
LF21——A and LF23——A. Full range for Ta is —55°C to 125°C for LF21——A and O° to 70°C for LF23——A. 


operating characteristics, VCC+ = 15 V, Vcc— = —15 V, Ta = 25°C 
PARAMETER TEST CONDITIONS __ bei“ __|__tFz3——A _ LINIT 


AVo-10V) 
Total response time (settling time) | € = 0.01%, ¥ 


Seo Figure 










© 
o 






Vn Equivalent input noise voltage 







oO 
CO] © 





AVo = Ay =-1 


See Figure 2 








67 


72 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES LF2155, LF2155A, LF2156, LF2156A, LF215/7, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, LF2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 





Vt 


R2 =2k2 





INPUT For Ay =—1, V,=10V 


For Ay =—-5, Vj =2V 









VeGe IRN OUTPUT 
ay, = 2 
vi RI 
ForAy=-—1, R1=2k2 Saanree: e 
ForAy=—-5, R1=4002 100% —— 
— a He 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1—TOTAL RESPONSE TIME 





R2=2k2 


INPUT For Ay =-1, V,;=10V 
For Ay =—5, Vj =2V 
















—=—10V 
OUTPUT 
10% 
Avr a . 
1 tr Di AVO 
ForAy=—1, R1=2k2 a Tea 
ForAy=-5, R1=4002 j 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2—SLEW RATE 
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LINEAR | TYPES LM101A, LM201A, LM301A 
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 7611432, JANUARY 1971—REVISED JUNE 1976 





FORMERLY SN52101A, SN72301A 


Low Input Currents e Designed to be Interchangeable with 
Low Input Offset Parameters National Semiconductor LM101A and LM301A 


® Frequency and Transient Response NS Latch-Up 
Characteristics Adjustable e¢ Wide Common-Mode and 
©  Short-Circuit Protection Differential Voltage Ranges 


© Offset-Voltage Null Capability e Same Pin Assignments as uA709 


description 


The LM101A, LM201A, and LM301A are high-performance operational amplifiers featuring very low input bias 
current and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 
The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voitage-follower applications. The devices are protected to withstand short-circuits at the output. The external 
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater 
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between 
the offset-null inputs (N1 and N2), as shown in Figure 7, to null out the offset voltage. 


The LM101A is characterized for operation over the full military temperature range of —55°C to 125°C, the LM201A 
is characterized for operation from —25°C to 85°C, and the LM301A is characterized for operation from O°C to 70°C. 


terminal assignments 


JG OR P 
JOR N DUAL-IN-LINE DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET OFFSET OFFSET 
OUT. NULL OuTPUT moet Nc 





COMP Voce PUT (N2) NC iN2} 
OFFSET 
NULL/COMP 
= = = = . 


iNT 


NON. OFFSET 
INV NULL 
INPUT iN2) 
Vec- 


NC OFFSET INV WON. Vec~- OFFSET INV NON~ - PIN 4IS IN ELECTRICAL OFFSET inv 


NULL/ INPUT INV NULL/ INPUT INV 


come Put coe INPUT CONTACT WITH THE CASE NULLY—WNPUT 


(NIE 
(NY) (NY) 





NC-—No internal connection 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Voc+ (see Note 1) a a ae a 
Supply voltage Vcc— (see Note 1) 


22 
22 
Differential input voltage (see Note 2) +30 
+15 = 






























Input voltage (either input, see Notes 1 and 3) | 215 [415 
Voltage between either offset null terminal (N1/N2) and Vcc— 0.5 to2| —0.5to2 | —0.5to2 | 


Duration of output short-circuit (see Note 4) unlimited uniimited 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) | 500 | 500 | 500 | mw] 


Operating free-air temperature range -55t0125|-25to85 | Oto70 | °C | 
Storage temperature range -65 to150|—65 to 150 | —65 to 150 


Lead temperature 1/16 inch from case for 60 seconds | J, JG, L, or U package 
|_Lead temperature 1/16 inch from case for 10 seconds | Nor P package | 260 | 260 | 260 | °c | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 

zero reference level is the midpoint between Voc; and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

: The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the L.M101A only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75 C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 























ON 





TEXAS INSTRUM ENTS 


14 INCORPORATE 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





voltages specified 


Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage 
within the specified range (or of the specified value) is applied to Vcc+, and an equal negative voltage is applied to 


Vcc-- 


electrical characteristics at specified free-air temperature, Cc = 30 pF (see note 6) 


| LM101A, LM201A__| LM301 
PARAMETER TEST CONDITIONSt SMS AL Eueo1 A 


MIN TYP MAX TYP 


25°C 20 7.5 
V Input offset voltage Rs = 50k 


Average temperature coefficient 












= 
> 


= 
2 
x 


o 
Ww 
oO 


: Full range 3 
VIO of input offset voltage 


arc | St 
ho Input offset current 


Tas —5BC to 26°C oo 02 | 
Ta=2eCioMAX | oor oa | 


7) 
on 
o 

> 





Average temperature coefficient 






of input offset current 







TasOCwmee | —SsS—~sS 
Tas2ecw7ee | 00103 


{B npu las Curren Full range | 


m2 
Vec+=+415V,|25°C | 24 28 24 
R= 10k9 


J 
© 
NO 
o1 
io] 


| 
ro) 
ro) 
> 
> 


; 
= 
me 
a 
= 
tQ 
oO 
| 
[] 
ororhr 
NO RO 
oO ioe) 
= e c 
5 < |< S| |e |S 
ro) o) - 


Maximum peak-to-peak 





Vopp 





output voltage swing 













Large-signal differential 






Vo =+10V, 
Ru 2 2k2 


i tnputrenitance——=SO=~“‘iLSW#‘“‘C€W#pSGOCL as SOCASC*~“*‘*‘*drCO 


ee ; 25°C 80 98 
CMRR Common-mode rejection ratio | Rg = 50k 


25°C 80 98 
AVecc/AVio Supply voltage rejection ratio Rs = 50k2 


No signal, 
See Note 7 


Spe secs V/imV 
voltage amplification 


sp SN 
o;o;o 
i<e] co 
oO O};d 


~J 
| 





N 
or 

° 

‘ 

—_ 
es) 
wo 
_— 
o 
{e*) 






lec Supply current 





TAI! characteristics are specified under open-loop operation. Full range for LM101A is —55°C to 125°C, for LM201A is —25 °C to 85°C, and 
for LM301A is O°C to 70°C. 
NOTES: 6, Unless otherwise noted, Vcc; = +5 V to +20 V for LM101A and LM201A, and Voc: = +5 V to +15 V for LM3O1A. All typical 
values are at Voc+ = t15 V. 
7. For LM101A and LM201A, Vecy = £20 V. For LM301A, Vec+ = +15 V. 
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TYPES LM101A, LM201A, LM301A 


HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





l1o—tnput Offset Current—nA 


Ayp-—Differential Volatage Amptification—V/mV 


INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


CT ae 
ot he 
CS 


i 







Ta—FreeAir Temperature—C 


FIGURE 1 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


Spee 3 
Ta = 25°C fl 


Rees 
er | 


aS ae Pee ed Se es ee 
a SS 2 ee 
CS ES Ay, a Se 







200 


100 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


vs 


FREE-AIR TEMPERATURE 


N 


Z 
Te 


lyg—!Input Bias Current—nA 


-75 -50 -25 @Q 25 50 «675 
Ta—Free-Air Temperature—°C 


FIGURE 2 





MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 
SINGLE-POLE COMPENSATION) 
vs FREQUENCY 


28 RAL = 10kN2 


Tax=25c 


ist a a 

CHA LAACUICL 
CTH Ue Ul 
CUENTA TTI 
res NUIME NUTT 
Hs 0 MON 


10k 100 k 10M 



























Vopp — Maximum Peak-to-Peak Output Voltage — V 
a 





oa ee 


f — Frequency — Hz 


FIGURE 3 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL 


VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 


Avp—Differentiat Voltage Amplification 








VOLTAGE-FOLLOWER 


LARGE-SIGNAL PULSE RESPONSE 


eMac cllas 
PS 


Vcc: = +15 V 
* AL =2kn 

Cy = 100 pF 

Cc = 30 pF 
OUTPUT TAs e 


Input and Output Voltages—V 














i Are ee Oe ee eee 
ao t_| A] | se a ae 
| VY | | tmsora sol] | 
ae 
LMI01A 
; Sanne a i 
10 
Oo 2 4 6 8 10 12 14 #16 18 20 Oo 10 20 30 40 50 60 70 80 90 
Vecs | —Supply Voltage—V f—Frequency—Hz t-Time—us 
FIGURE 4 FIGURE 5 FIGURE & 
TYPICAL APPLICATION DATA 
Vo R2 
VI R1 
R1°30 pF 
Cc 2 
R1i+R2 
R1-R2 
R3 = 
R1i+R2 
FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR TYPES LM107, LM207, LM307 
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 7611426, DECEMBER 1970—REVISED JUNE 1976 






FORMERLY SN52107, SN72307 


@ Low Input Currents @ Short-Circuit Protection 
@ No Frequency Compensation Required @ No Latch-Up 
@® Low Input Offset Parameters @ Wide Common-Mode and 


Differential Voltage Ranges 


- description 


The LM107, LM207, and LM307 are high-performance operational amplifiers featuring very low input bias current and 
input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage- 


follower applications. The devices are short-circuit protected and the internal frequency compensation ensures stability 
without external components. 


The LM107 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM207 is 
characterized for operation from —25°C to 85°C, and the LM307 is characterized for operation from O°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE Pi sia ae L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW -IN- sacar 
! PAKCAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


out. 
NC Vcce Pur 


Vec+ OUTPUT NC wc 


®@®®®O®O 





NON- 
INV 


4 tis {Le yh | Ei i oe 
NC ay Non. Vec- INV NON: Vcc PIN 4 ISIN ELECTRICAL: O ® ® © © © @ 


INPUT INV NON- 


INPOr INPUT CONTACT WITH THE CASE inv Vec~ NC 


INPUT 





NC—No interna! connection 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM107 LM207 LM307 UNIT 
Supply vottage Voc (see Note 1) [2 | 2 | 2 
































Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) +15 
| unlimited | 

| mW 





Duration of output short-circuit (see Note 4) | unlimited | unlimited | 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) | 500 | so | m 


Operating free-air temperature range —55 to 125 | —25 to 85 


30 
Lead temperature 1/16 inch from case for 60 seconds J, JG, L or U package 


Cc 
Lead temperature 1/16 inch from case for 10 seconds N or P package | 260 | 260 +| 260 | °c | 


NOTES: 1. All voltage vatues, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 

zero reference level is the midpoint between Vcc} and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

- The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or either power supply. For the M107 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature, 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM107, LM207, LM307 
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voltages specified 


Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage 
within the specified range (or of the specified value) is applied to Vcc+, and an equal negative voltage is applied to 


V CG=: 


electrical characteristics at specified free-air temperature (see note 6) 


LM107, LM207 ee 
PARAMETER TEST CONDITIONST 
MIN TY MAX MIN 
Vio Input offset voltage Rs = 50 k2 


Average temperature coefficient 
















ate 
0.02 — 6 


250 


25°C 
Full range 


i=) 
© 
Kho 


c 
< 
ete 


oO 


avid Full range 


of input offset voltage 





25°C 

Full range 
Ta =—55°C to 25°C 
Ta = 25°C to MAX 
Ta = 0°C to 25°C 
Ta =25°Cto 70°C 
25°C 
Full range 


No 


lo Input offset current 


Average temperature coefficient 


5 
oO 
Ny 





. nA/°C 
of input offset current 






Input bias current 


VI Input voltage range See Note 7 


Vect = +15 V,| 25°C 

Re = 10 k2 Full range 
Vec+ = +15 V,| 25°C 

RL =2k2 Full range 
Vec+ = 215 V, 
Vo =+10V, 
RL >2k2 Full range 


if Input resistance ae 25°C 


25°C 
CMRR Common-mode rejection ratio | Rg = 50 k2 
Full range 
AVcc/AVi¢g Supply voltage rejection ratio R 50k2 ae 
u age rejection rati 
cc 10 Ey at s~ Full range 


No load, 25°C 
No signal, 
See Note 7 





NO 





Maximum peak-to-peak 24 







output voltage swing 


NS 


I+ 
—_ 
oO j=) ALO 


0 












Large-signal differential 25°C 





voltage amplification 






oO 


oO 


Tat characteristics are specified under open-loop operation. Full range for LM107 is -55°C to 125°C, for LM207 is —25°C to 85°C, and for 


L RADIO? Is non aan 70°C 
tmnt vir tes s aw s ts wwe 





—_ 









Supply current 


— 


MAX 





NOTES: 6. Unless otherwise noted Vec+ = +5 V to +20 V for LM107 and LM207, and Vcc = +5 V to +15 V for LM307, All typical values 
are at Voc+ = t15 V. 
7. For LM107 and LM207, Vcc = +20 V. For LM307, Vecs = +15 V. 
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TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT 
vs 


FREE-AIR TEMPERATURE 


ho —!nput Offset Current—nA 





-75 -50 -25 0 25 50 75 100 125 
Ta—FreeAir Temperature—C 


FIGURE 1 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





1 2 4 7 10 20 40 100 


f—Frequency—kHz 


FIGURE 3 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
SUPPLY VOLTAGE 


ea care ia 
aaneD 
apes 
+ — + 
EE ne ee 
a is i) 
i a ee 
) | j} | 

Zi 









Ayp-—Differential Voltage Amplification—V/mV 


2 14 #16 #18 20 


Voc: | Supply Volrage—V t 


INPUT BIAS CURRENT 
vs 


FREE-AIR TEMPERATURE 


eh 


100 
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75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature-"C 


FIGURE 2 


VOLTAGE-FOLLOWER 


Vcc. 7215 V 
RL =2k2 
C_ = 100 pF 


Input and Output Vottages—V 





0 10 20 WO 4 5S 60 70 80 90 


t-Time-ys 


FIGURE 4 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 


FREQUENCY 


Voce = tS V 
RE =2kQ 


Avp—Ditferentiat Voltage Amplification 





1 10 100 1k 10k 100k 1M 10M 100M 


f—Frequency—Hz 





: FIGURE 5 FIGURE 6 
Data for free-air temperatures below—25 C and above 85°C is applicable for LM107 only. 
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only. 
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LINEAR TYPES LM118, LM218, LM318 


INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 
CIRCUITS 







BULLETIN NO. DL-S 7612410, JUNE 1976 


Small-Signal Bandwidth... 15 MHz Typ e Internal Frequency Compensation 


e Slew Rate...50 V/us Min e Input and Output Overload Protection 
e Bias Current... 250 nA Max (LM118, LM218) e Same Pin Assignments as General Purpose 
e Supply Voltage Range...+5Vto+20V Operational Amplifiers 

description 


The LM118, LM218, and LM318 are precision high-speed operational amplifiers designed for applications requiring 


wide bandwidth and high slew rate. They feature a factor of ten increase in speed over general purpose devices without 
sacrificing dc performance. 


These operational amplifiers have internal unity-gain frequency compensation. This considerably simplifies their 
application since no external components are necessary for operation. However, unlike most internally compensated 
amplifiers, external frequency compensation may be added for optimum performance. For inverting applications, 
feed-forward compensation will boost the slew rate to over 150V/us and almost double the bandwidth. 
Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not needed. 
Further, a single capacitor may be added to reduce the settling time for e < 0.1% to under 1 ws. 


The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 


The LM118 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM218 is 
characterized for operation from —25°C to 85°C, and the LM318 is characterized for operation from O0°C to 70°C. 


terminal assignments 


JG OR P 
DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE N DUAL-IN-LINE U FLAT PACKAGE 
(TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) 
COMP OUT- BAL/ 
2 YeGr tame? NC NC ee Vec+ fet COMES NC NC COMP2 Vecc+ OUTPUT ears 





OOOO © 





COMP INPUT INV. a Vee NC ONC BAL/ = =INV NON: Vec- NC Q) 
INPUT COMPU INPUT. INY NC  BAL/ INV NONINV Vecu 
INPUT COMP 1 1NPUT INPUT 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM118 — 
Supply voltage, Vcc+ (see Note oo en 
Supply voltage, Vcc— (see Note 1) 
Input voltage (either input, see Notes 1 and 2) +15 


Differential input current (see Note 3) +10 


Duration of output short-circuit (see Note 4) unlimited Minimo Tnined | 


Continuous total power dissipation at (or below) 

25°C free-air temperature (see Note 5) Pata ta 
“5510 125 
300 | °C 
750 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vec+ and Vcc_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 
flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is 
used, 

4, The output may be shorted to ground or either power supply. For the LM118 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM218 only, the unlimited duration of the 
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 








electrical characteristics at specified free-air temperature (see note 6) 


LM118 
LM318 
PARAMETER TEST CONDITIONSTt LM218 UNIT 


MIN TYP MAX TYP MAX 


x 
VIO Input offset voltage 
Fa ae oe 


ane oe perc | O80 200 | 
nput orrset curren 
: Eu range are.) ee 


eure ; jasc | 120250 | 150500 | 

nput bias curren 

= dein ra ot 
Input voltage range Vec+ =+15 VV] Full range +11.5 


Maximum peak-to-peak Vee = +15 V, 
Vopp ; Full range 
Output voltage swing RE =2k2 
Vecs = +15 V, 
Large-signal differential! 25°C 
des eer Vo = 210 V, a an ee 
voltage amplification Full range 
Ry = 2k 


a — See RN (Seer We Re Rees Oe ear Rae CI 


aT Common-mode peieesien ratio | sd Fut range | - * 2 - | dB 


25°C 
Supply current No load 


tA! characteristics are specified under open-loop operation. Full range for LM118 is —55°C to 125°C, for LM218 is —25°C to 85°C and for 
LM318 is O°C to 70°C. 
NOTE 6: Unless otherwise noted, Voc; = +5 V to +20 V. All typical values are at Voc+ = +15 V. Throughout this data sheet, supply voltages 
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied 
to Vcc+, and an equal negative voltage is applied to Vec_— 
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operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 







PARAMETER 
SR Slew rate at unity gain AV; = 10 V, 





e 





TEST CONDITIONS MIN TYP MAX } UNIT 


C. = 100 pF, See Figure 1 50 70 





parameter measurement information 
2kQ 


INPUT 







-—0OV 
OUTPUT 
ae ---10V 
OUTPUT | 
ae Ot 
cote 8 A. OV 
| 
itt DH ss _AVo 
TEST CIRCUIT 


VOLTAGE WAVEFORMS 
FIGURE 1—SLEW RATE 


schematic 


BALANCE 
COMPENSATION-3 
e 


BALANCE 
COMPENSATION-1 COMPENSATION.-2 
O @ 


Pre | 
“ee 
eae ie ees 
ey ee 
sl 


NWONINVER TING | 
INPUT 


6 Vecw 


Component values shown are nominal. 
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LINEAR TYPES LM124, LM224, LM324 
INTEGRATED CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612248, SEPTEMBER 1975—REVISED JUNE 1976 





e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 

Single Supply ...3 V to 30 V Input Offset Voltage ...2mV Typ 

or Dual Supplies Input Offset Current...3nA Typ (LM124) 
e Low Supply Current Drain Input Bias Current ...45nA Typ 

Independent of Supply Voltage e Differential Input Voltage Range 

. 0.8 mA Typ Equal to Maximum-Rated 

@e Common-Mode Input Voltage Supply Voltage . .. +32 V 

Range Includes Ground Allowing e Open-Loop Differential Voltage 

Direct Sensing near Ground Amplification ...100 V/mV Typ 


e Internal Frequency Compensation 
schematic (each amplifier) 


wor 
CURRENT CURRENT cannes =] 
REGULATOR REGULATOR Eo 












JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


AMPLIFIER NO, 4 AMPLIFIER NO. 3 
INVERT. NONIN- NONIN- INVERT- 
ING VERTING VERTING ING 
pouTPUT OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 


INVERTING 
INPUT © 


NON. 
INVERTING O 
INPUT REGULATOR 


TO OTHER 
AMPLIFIERS 





description 


These devices consist of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 


. » : : . OUTPUT INVERT- NONIN- : RT- OUTPUT 
split supplies is also possible so long as the difference iG VERTING vee GeariNe Ge 
between the two supplies is 3 volts to 30 volts and Sa ee ee 


Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 





Applications include transducer amplifiers, d-c amplification blocks, and#all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional + 15-volt supplies. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). ww wwe kw ke et ww ke ew tw wt we wt we ww 682M 
Differential input voltage (see Note 2) ete th SK ties eter. Bs ee ie, in Gee thee ae ud, eae Ap, 2a. he, es Ve . +32V 
Input voltage range (either input) . ... bs Sa id= oo wee Was ay Spf —0. 3 V to 32V 
Duration of output short-circuit (one ainplitier) to around at icf below) 25° °C 
free-air temperature (Vcc < 15 V) (see Note 3). oe ee ew e « ~~ Unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see ‘Note 4). ee ee ew ew ew et «© GOO mW 
Operating free-air temperature range: LM124  . 2... ww ee ee ee ee ee eee) 655°C to 125°C 
WM22E alors ete x weal: oa oe a eos a ears S25 ©1085.C 
LMS240  gogi:g> a ws Sas Me eet & Be we Sa, LOO te 70 C 
Storage temperature range . . sire i Sasa a Ta se ae alae. SoG tort S0cC 
Lead temperature 1/16 inch from case for 60 seconds: J package Sowihe wee ok tat One ae oe ibe Ae Pee Se ae ae Ge. MORAG 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . ......-. ee ee ew ee ee) 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


LM124 LM224, LM324 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX MIN TYP MA 
Vv Input offset volt Cote ; 
ut offset volta 
10 i e Vec =5 V to 30V | Full range 
25°C 
! Input offset current V0o7=1.4V | 25°C | 
Full range 
| inpue Banaue oa 
ut bias curren 
: : See Note 5 
” Oto 0 to 
Vcc = 30V pela Cc 
0 0 to 
Full range 
Ve Vec-2 
Vcc = 30V, 
RE =2kQ 
Vcc = 30V, 
Full range 
R_ 210k 
VOL Low-level output voltage R_ <10kQ 


Large-signa! differentia! Vec= 18, 
Vo =1Vto11V, 


voltage amplification RL > 2kQ 


a 
| 
ee 25°C 

Vo = 200 mv 

' Supply current No load, 
eG (four amplifiers) No signal } Full range 


TAIL characteristics are specified under open-loop conditions. Full range is -55°C to 125°C for LM124, —25°C to 85 C for LM224, and 0°C to 
70°C for LM324. 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input fines. 


TYPICAL APPLICATION DATA 


1. OUTPUT A 


O OUTPUT B 









UNIT 


x 


3 
< 














n 


~45 —150 


W 
—_ 
oO} & 
oO;oInia 
NO 
~ 


Common-mode input 


V 
ICR voltage range 


High-level output voltage 


; 
© 
NO 
~J 
NO 
eo 


VimV 


ho 
o 
= 
oO 


| 
KO 
os) 
h 
° ao }n 
KO 
os) 
3 
> 





| 
on 


3 


2 
2 
2 
7 

—120 
2 









to 
C72 
6 
7 
5 
0 
0 
0 


NO 
oO 


Output current 


> 









3 4 
> 










O OUTPUT C 


100 yF 


AUDIO DISTRIBUTION AMPLIFIER 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612413, JUNE 1976 





e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 

Single Supply ...3 V to 30 V Input Offset Voltage ...2mV Typ 

or Dual Supplies Input Offset Current...3nA Typ (LM158) 
© Low Supply Current Drain Input Bias Current ...45 nA Typ 

Independent of Supply Voltage e Differential Input Voltage Range 

.0.5 mA Typ Equal to Maximum-Rated 

e Common-Mode Input Voltage Supply Voltage . .. #32 'V 

Range Includes Ground Allowing @ Open-Loop Differential Voltage 

Direct Sensing near Ground Amplification... 100 V/mV Typ 

e 


Internal Frequency Compensatio 
schematic (each amplifier) 


Te 
REGULATOR 
description 


These devices consist of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts and 
Pin 4 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


O Vcoc+ 














=bypA 
CURRENT 
REGULATOR 


ea 
REGULATOR 


_ JG OR P 
DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


L 


O OUTPUT AMPLIFIER NO. 2 

INVERTING n 

INPUT an 
OUT. INV INV 

Voc+ PUT INPUT INPUT 


S0-nA 
CURRENT 
REGULATOR 


INPUT 
P GND 
(OR Vec-) 


TO OTHEA 
AMPLIFIERS 


- 
° 
2 
x 
4 
ire 
a 
a 
= 
< 


OUT- INV NON- GND 
PUT INPUT INV 
INPUT 


AMPLIFIER NO, 1 





n 


PLUG-IN 
PACKAGE (TOP VIEW) 


Z2°ON Y3IdI Td 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 





Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM158 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 


interface electronics without requiring additional +15-volt supplies. 


absolute maximum ratings over opetanng free-air epee? range aunles otherwise noted) 
Supply voltage, Vcc (see Note 1) ; apohat Ye des as ae 


. 32V 

Differential input voltage (see Note 2) +32 V 

Input voltage range (either input) 0. 3 Vv to 32 V 

Duration of output short-circuit (one amplifier) to ground at (or below) 25° °C 

free-air temperature (Vcc < 15 V) (see Note 3) . unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 

JG or P package 900 mW 

L package a ae Oe .. 625 mw 

Operating free-air temperature range: LM158 | —55° C to 125° C 

LM258 —25°C to 85°C 

LM358 0°C to 70°C 


Storage temperature range . . : 
Lead temperature 1/16 inch from case for 60 seconds: IG or rP package 
Lead temperature 1/16 inch from case for 10 seconds: N package 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction, 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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 —65°C to 150°C 


. 300°C 
. 260°C 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


LM158 
PARAMETER TEST CONDITIONST at rey 
Vio Input offset voltage 
Vec=5Vto 30 V | Full range 
Average temperature coefficient 
eVvlo : Full range 
of input offset voltage 
! | t offset ent V 14V 
10 nput offset curren O*!l. Full range | 
Full range 
Average temperature coefficient 
110 : Full range 
of input offset current 





LM258, LM358 
MIN TYP MAX 


x 





NO 
ol 
Nn 
~J 


3 












ie) 
i=) 


—45 250 


| Vo=14V, 
lip Input bias current 
See Note 5 Full range —300 


Vcc = 30 V cc" 
Oto 
Full range 
Vcec-2 
Vcc = 30 V, 
ce Full range 2 
REL =2kQ 
Vcc = 30 V, 
ce Full range} 2 
Ri 210k 
VOL Low-level output voltage RL <10k2 Full range 
Maximum peak-to peak 
Vopp RL =2k2 25 C Vcec—1.5 


Output voltage swing 
Vo=1Vto11V, 
RL >2k2 Full range 2 
7 


CMRR Common-mode rejection ratio | Rg < 10 kQ 


AVcc/AVio Supply voltage rejection ratio | Rg <10k2 
Amplifier-to-amplifier coupling | f = 1 kHz to 20 kHz 


= 
Full range | -—10 —2 
Full range 

Vin =-1V, 

Vo = 200 mV 

' Supply current No load, 
ce (two amplifiers) No signal Full range 


TAIt characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, ~—25°C to 85°C for LM258, and OC to 
70°C tor LM358. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


Common-mode input 


< 
ol8 o 
-_ anal 
9 ee 
on 
~ 


V 
ICR voltage range 


Vec-2 


io) 
- 
° 
ie) ~J 
~ 


VOH High-level output voltage 


oe 
NM 7- NO 
“Io; Oo 
NO 
ee) 
Ao) ~ c 
> | } < 
ele se < >1s el ee 
o) QO | 4 
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o1 
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oO 
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I oO 
Nd ~J i) 
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00 


Large-signal differentia! 
AvD doe ds VimV 
voltage amplification 
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LINEAR TYPE LM2902 
INTEGRATED CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 7612291, MARCH 1976-—REVISED JUNE 1976 





Wide Range of Supply Voltages e Low Input Bias and Offset Parameters 


Single Supply ... 3 V to 26 V Input Offset Voltage ...2 mV Typ 
or Dual Supplies Input Offset Current...5nA Typ 

e Low Supply Current Drain Input Bias Current... 45nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 
...0.8 mA Typ Equal to Maximum-Rated 


Supply Voltage... +26 V 


@ Common-Mode Input Voltage 
Range Includes Ground Allowing @ Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ...100 V/mV Typ 
schematic (each amplifier) | e@ Maximum Peak-to-Peak Output 


Voltage Swing... Vcc—1.5 V Typ 
e Internal Frequency Compensation 













wh yA 
CURRENT 
REGULATOR 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


100. ee) 
CURRENT CURRENT 
REGULATOR ee) 


This device consists of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 


AMPLIFIER NO, 4 AMPLIFIER NO. 3 
O OUTPUT : INVERT- NONIN- * NONIN- INVERT- 
ING VERTING VERTING ING 
OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 


INVERTING 0 
INPUT 


NON. 
INVERTING O© 
INPUT 


TO OTHER 
AMPLIFIERS 


description 


° . : . OUTPUT INVERT- NONIN- V NONIN- INVERT- OUTPUT 
supplies is also possible so long as the difference ING’ VERTING  VeRTING ING 
between the two supplies is 3 volts to 26 volts and ee Ue INPUT INPUT 

Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2 


common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 





Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional + 15-volt supplies. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) «1... kk kk ee ee ee ek ee ee ee ee ee ee 6L6NV 
Differential input voltage (see Note 2) 5 ww ww ke ee ee ee ew ee) 6 FRB 
Input voltage range (either input) . . . we ee ee ew es 60.3 V to 26 V 
Duration of output short-circuit (one araplitier! to arduni at (or below) 25° °C 

free-air temperature (Vcc < 15 V) (see Note3).... wee ee ee ©) 6untimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) | ie 1b ew ee ae = SOOmMW 
Operating free-air temperature range... ww ke ee ee ee eee we ee 640°C to 85°C 
Storage temperature range . . tee we ew et te we e)~=6—65°C to 150°C 
Lead temperature 1/16 inch from c case a for 60 seconds: J package Se Me Ris he eS EA Eee @ 2 BOOS 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . we. ee ee ee ee ee) 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2, 
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TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 





electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


[iro apa of caren | Vos fr 
lip Input bias current Vo =1.4V See Note 5 | 45-800] nA | 


Common-mode input 0 to 
VICR Veco =24V Vv 
voltage range Vcoc—15 
: Veg=24V, RUE ake 2 
VOH High-level output voltage V 
Veo=24V, ALS 10KA a 
Large-signal differential 
Ayp ete ere Vcc = 15 V, RLE>2k2, Vo=1Vtol1V Vimv 
voltage amplification 
CMRR Common-mode rejection ratio | Rg < 10k PBR 


AVcc/AViog Supply voltage rejection ratio | Rg < 10k2 
Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz 


Vcc =15V, Vip=1V, Vo=0V —20 —40 
Vcc =15V, Vip=-1V, Vo=2.5V 12 30 mA 






































Output current 





Vip=-1V, Vo = 200 mV 





TAI characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 





TYPICAL APPLICATION DATA 










O OUTPUT A 


O OUTPUT B 


O OUTPUT C 


100 pF 
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LINEAR TYPE LM2904 
INTEGRATED CIRCUITS DUAL OPERATIONAL AMPLIFIER 


BULLETIN NO, DL-S 7612402, JUNE 1976 





e Wide Range of Supply Voltages e Low {nput Bias and Offset Parameters 
Single Supply ... 3 V to 26 V Input Offset Voltage ...2mV Typ 
or Dual Supplies Input Offset Current...5nA Typ 

© Low Supply Current Drain Input Bias Current. ..45 nA Typ 
Independent of Supply Voltage e Differential Input Voltage Range 
...0.5mA Typ Equal to Maximum-Rated 


e Common-Mode Input Voltage Supply Voltage... +26 V 


Range Includes Ground Allowing @® Open-Loop Differential Voltage 
Direct Sensing near Ground Amplification ... 100 V/mV Typ 
schematic (each amplifier) ¢ Maximum Peak-to-Peak Output 


Voltage Swing... V¢cc—1.5 V Typ 
@ Internal Frequency Compensation 








0 Vcc+ 





uh 
CURRENT 
REGULATOR 





JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


O OUTPUT AMPLIFIER NO, 2 


= bu ~100-~A 
CURR CURRENT 
REGUL REGULATOR 


A 
ENT 
ATOR 


NON- 
OUT. INV INV 
Vec+ PUT INPUT INPUT 






TO OTHEA 
AMPLIFIERS 





description 


This device consists of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 


between the two supplies is 3 volts to 26 volts and el Pres ye GND 
Pin 8 is at least 1.5 volts more positive than the input INPUT 


common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 


AMPLIFIER NO. 1 





Applications include transducer amplifiers, d-c ampli- ‘: 

fication blocks, and all the conventional operational PLUG-IN PACKAGE (TOP VIEW) 
amplifier circuits that now can be more easily 
implemented in single-supply-voltage systems. For 
example, the LM2904 can be operated directly off of 
the standard five-volt supply that is used in digital 
systems and will easily provide the required interface 
electronics without requiring additional +15-volt 
supplies, 


AMPLIFIER NO. 1 
2 ON H3ISITdWV 


NON-INV 
INPUT 


PIN4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPE LM2904 
OPERATIONAL AMPLIFIER 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2. 2. ww ke ee ee ew ew wt tw tw we tt we tw ew 626M 
Differential input voltage (see Note 2) je és, cae sa? ie Shae Sek ole Bis ES. oh, hoe Gh HE Sir we Ca oe, ce, MR a ee aS, Be 
Input voltage range (either input) . . . woe we ew ew es) 6 70.3 V to 26 V 


Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 


free-air temperature (VCC S15 V) (see Note3) . ... 2... eee ee ee unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JG or P package . . . . 680 mW 
L package » . . . 625 mW 

‘ Operating free-air temperature range... . 1. eee ee eee ee ee ew ee es) 640°C to 85°C 
Lead temperature 1/16 inch from case for 60 seconds: JGor Lpackage. . ........ 2.2.2... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage ....... ee ee ee ew ew ee 260°C 


NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal. 


1 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input termina. 
3. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


TEST CONDITIONS* MIN TYP MAX 
lle rae ee, 


Common-mode input 0 to 
VICR P Veco = 24V 
voltage range Vec-1.5 
Vcc =24V, Ry =2k2 
VOH High-level output voltage = SAV = S10 ka 
CC® ' L 


A 
nA 
V 
VOL Low-level output voltage Ry <10k2 | B20] mv 
Large-signal differential 
AvD Vcc =15V, RL22k2, Vo=1Vtol11V V/mV 






















voltage amplification 


CMRR Common-mocde rejection ratio 
[aVec/AVio Supply voltage rejection ratio [Ag<tOKO SSCS C*dS CB 
[___Amplfierto-arnpiiier coupling [f= 1 kHzto20KH2——SSSCS~C~“~*~—S~SCS~sSC“‘“‘“NCC~*' 
Vec=15V, Vip=tVv,  Vo=oV 
Voc = 15V, Vip=-1V, Vo=2.5V mA 


Vip =-1V, Vo = 200 mV 


Icc Supply current (both amplifiers} | No load, No signal 0.5 1.2 


T AIl characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


TYPICAL APPLICATION DATA 


Output current 








Vec+ 
a ] SELECT VALUES FOR: CALCULATE: 
Q 
wien 7 R1 = R3 = RS = —— 
Ci and C2 Wor 
where C1 = C2 R2 = R1 


: R1 He Wo = 2nfg Poe en 
. 4 K K-Q 
d lea ; 
ES R1-K-Q@ 








INPUT 
R2 OUTPUT K is selected to R4 = 
optimize sensitivity 20 —1 
0 : and is typically AG =K 
=K-R1 
between 1 and 10. 
MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER 
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TYPES MC1558, MC1458 
LINEAR INTEGRATED DUAL GENERAL-PURPOSE 
CIRCUITS OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 7611457, FEBRUARY 1971—REVISED JUNE 1976 


FORMERLY SN52558, SN72558 JG ORP 








ae DUAL-IN-LINE 

e Short-Circuit Protection SACKRGE 

@e Wide Common-Mode and (TOP VIEW) 
Differential Voltage Ranges AMPLIFIER NO.2 


NON. 


e No Frequency Compensation Required Voce PUT INPUT INPUT 
e Low Power Consumption 
e No Latch-up 


e Designed to be Interchangeable with 
Motorola MC1558/MC 1458 and Signetics 





$5558/N5558 
_— PUT INPUT ‘INV oO 
description \ a 
AMPLIFIER NO. 1 
The MC1558 and MC1458 are dual general-purpose 
operational amplifiers with each half electrically sim- L PLUG-IN PACKAGE 
ilar to uA741 except that offset null capability is not (TOP VIEW) 
provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
valtage-follower applications. The devices are short- 
circuit protected and the internal frequency compen- 
sation ensures stability without external components. 





AMPLIFIER NO. 1 
Z°ON H31SI TEN 


The MC1558 is characterized for operation over the NON.INV 
full military temperature range of —55°C to 125°C; 


the MC1458 is characterized for operation from PIN 41S IN ELECTRICAL CONTACT 
0°C to 75°C WITH THE CASE, 





















N 
No 





Supply voltage Vec_ (see Note 1) 8 ae 


Differential input voltage (see Note 2) +30 


Input voltage (any input, see Notes 1 and 3) +15 


Duration of output short-circuit (see Note 4) | unlimited | 





| Mcisss | = Mci1458 | UNIT | 
Supply voltage Vcc+ (see Note 1) 
V 
V 
V 














Continuous total dissipation at (or below) 25°C 
free-air temperature (see Note 5) 


Operating free-air temperature range |e | 


°C 
Storage temperature range |—65 to 150 | ~—65 to 150 


NOTES: 1. All voltage values, untess otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc+ and Vcc_. 














° 








Lead temperature 1/16 inch from case for 60 seconds JG or L package aS 


Lead temperature 1/16 inch from case for 10 seconds P package 






2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 


5. For operation above 25°C free-air temperatura, refer to Dissipation Derating Curves, Section 2. 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCc+ = 15 V, VcCc— = —15 V 


PARAMETER TEST CONDITIONST 
MIN TY 
V Input offset volt Rs < 10k2 ane 
u v e 
Ie " S Full range 
25°C 
lio Input offset current 
25°C 
lig Input bias current 
25°C 
V1 Input voltage range 


25°C 
25°C 
Full range 


Ry > 2k, | 25°C 
Vo = +10V 
RL =2k2Q, 
Voz+10V, 
Avp=1, 
THD < 5% 
25°C 
Am Gain margin fa 25°C 


tj Input resistance 


=1 
Vo = 9, ° 
r Output resistance 


C; Input capacitance i 
Common-mode 7 
Zic ; : f= 20 Hz 25°C 
input impedance 
; 25°C 
CMRR Common-mode rejection ratio | Rg < 10k2 
af 25°C 30 
AVi9/4Vcc Supply voltage sensitivity Rs < 10k2 


Equivalent input 













a) 
-+ 
< 


N 
° 
= 
nN 
= 
z 
uv 
wloly = 
8/Slalalz® 
3 
< 


nN 
oO 


0 


3 
> 


+12 £13 
+12 


+12 +13 
+12 












Maximum peak-to-peak 
output voltage swing 


NO 
o 
N 


LD) 

Es) 

NO 

Oo 

o 
[op] 

oo 
8 


NO 


Large-signal differential 


5 


io) 
NO 


0 


oO 
No 
Oo 


200 






VimV 


NO 
on 


co 
=] 
on 
8 
i] 
oO 
n 
S) 

¢ 

< < 2 

| 


voltage amplification 











Maximum-output-swing 


x 


= = 


H 
bandwidth (closed-loop) 











~ 
on 
~J 
o 


No 
ol 


nN 
oO 
Oo 


5 


~J 


od 
o 
wo 
o 
~~ 
o 
ife} 


o 
© oO 
oO 


_ 
or 
oO 
w 








15 
pV/IV 


Aika 
~~ 
jo] 


25°C 


-] 

< 
~ 
2 


Vn noise voltage H 


(closed-loop) 







#25 +40 #25 240 | mA_| 

cc aomenaitae ne _[ Page| | 

Pp Total power dissipation No toad, |25Cc 860d i100 150 100 170 Pew 
(Both amplifiers) No signal__[Fullrange | —=——200'|——S~S~S~S OO 





TAIL characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —55°C to 125°C and for 
MC 1458 is OC to 75 C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAME EST CONDITIONS 
ciate igs aasbisiaiaaes MIN TYP MAX MIN TYP MAX 


ft) Risetime | = 20mV, RL =2k2, 
Overshoot factor CL=100pF, SeeFiguret | 5% | HE 


SR S| te at unity gai Vp=10V, RE=2kQ, Vius 
ew rate at uni ain 
ee Cl = 100 pF, See Figure 1 u 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





schematic (each amplifier) 


INVERTING 
INPUT : 






TO OTHER 
AMPLIFIER 


o VCC 





NON- 
INVERTING o 
INPUT 
0 OUTPUT 
o Vcc-— 
TO OTHER 
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER 
PARAMETER MEASUREMENT INFORMATION 
p 
INPUT 
——-—-o0Vv 
INPUT VOLTAGE 
WAVEFORM 
‘TEST CIRCUITS 
FIGURE 1—RISE TIME, OVERSHOOT, 
AND SLEW RATE 
Di 
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TYPES MC1558,MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK 
















INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE 
vs vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE 
(ie (a a Oe = 
Woo" 18 bead cea al chee 
Pp pei CCCs 
80 





ee 
SNG3= 2 en 
CAEP 
CONC 
COPS 
COCO 


s 


eeietaleaiers 
Hs a a 


b °o 
! 
& 
' 
3 
o 
3 
§ 





& 
11 g—Input Bias Current—nA 


lio—Input Offset Current—nA 


100 


3 
Vopp—Maximum Peak-to-Peak Output Voltage—V 


eee aaeee 












60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140 0.1 02 04 07 1 2 4 7 10 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—"C Ry —Load Resistance~kS2 
FIGURE 2 FIGURE 3 FIGURE 4 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL 
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs VS vs 
FREQUENCY SUPPLY VOLTAGE FREQUENCY 










: LM ey] 

I cc+*™ 

08 Leeper | 
G45 Ry = 10k22 d 9 
: MEN ae Sul} : 
3 9 = 
2 28 = a 
a — 

8 MELLIN TEE UT ; : 
~ 24 & © 
é AA CELINE EL : i 
2 20 & 8 
; ENE EM : 
a 16 > = 
E | Ss M 
] - a 
ei S = 
x a 

= 8 = 1 
j o > 
a \ < 
a 4 Q 

o > 

a < 





4 
100 1k 10k 100 k 1M Te 2 6 8 0 12 14 16 18. 20 1 10 100 1k 10k 100k 1M 10M 100M 


Veg, | -Supply Vottage— 
f=F requency—Hz cc PPE Or eae {—F requency—Hz 


FIGURE 5 FIGURE 6 FIGURE 7 
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 
vs VS VOLTAGE-FOLLOWER 
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE 
8 


Vec+ = 18 V 





s—V 


ies LE 


feces) elec ae esl 

fee celta Neal els 
pt tt tT IN 
Fee a 


1 10 100 tk 10k 100k 1M 10M 100M 


Vo—Output Voltage —<mV 


CMRR-CommonMode Rejection Rat. o-—dB 
Input and Output Vo!tage 








f—Frequency—Hz t—Time—us t—Time-us 
FIGURE 8 FIGURE 9 FIGURE 10 
PRINTED IN U.S.A. 
Ti cannot assume ony responsibility for any circuits shown 
94 TEXAS INST RUM ENTS or sepresent thot they are free from potent infringement. 
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LINEAR INTEGRATED TYPES RM4136, RC4136 
CIRCUITS QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612368, MARCH 1976 





e Continuous-Short-Circuit Protection 


e Wide Common-Mode and JORN 
Differential Voltage Ranges DUAL-IN-LINE PACKAGE (TOP VIEW) 
e No Frequency Compensation Required 
; AMPLIFIER NO. 4 AMPLIFIER NO. 3 
e Low Power Consumption 
INV NON-INV OUT- OUT. NON-INV INV 
@ No Latch-up INPUT INPUT PUT Vcc+ PUT INPUT INPUT 


e Unity Gain Bandwidth 3 MHz Typical 
e Gain and Phase Match Between Amplifiers 


e Designed to be Interchangeable with 
Raytheon RM4136 and RC4136 


description 


The RM4136 and RC4136 are quad high-performance 
operational amplifiers with each amplifier electrically 
similar to uA741 except that offset null capability 
is not provided. 


The high common-mode input voltage range and the INV. NON-INV OUT- OUT- NON-INV INV) Vcc 
absence of latch-up make these amplifiers ideal for ich AltA Mie el Na Ee 


voltage-follower applications. The devices are short- AMPLIFIER NO. 1 
circuit protected and the internal frequency comp- 
ensation ensures stability without external 
components. 


AMPLIFIER NO, 2 





The RM4136 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the RC4136 is characterized for operation from O°C 
to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcr (see Note 1) a 








Supply voltage Vec— (see Note 1) 


Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit to ground, one amplifier at a time (See Note 4) | unlimited =| unlimited {| | 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
Operating free-air temperature range "C 
Storage temperature range | -65to 150 | -65to150 | °C 
Lead temperature 1/16 inch from case for 60 seconds | Spackage | 300 | 300 | : 
Lead temperature 1/16 inch from case for 10 seconds 7 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Voc+ and Vcc_. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 





+30 







oO & WN 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES RM4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCc+ = 15 V, Vcc— = —15 V 


SAVANE REE er CONDITIGNGT: | RON el nie 
ES 2: SS 
V Input offset voltage Rs <10k2 mV 
Fullrenge | SsSC~C~S~SCdYYSC‘;SC™!™C~‘C*S 
I Fae 
: J 1500 | 


10 

5200 
0 Input offset current 

Fullrange | —~—S~—OO | SCSC~SO 
B 
! ee oe al 














| perc] 40800 40500 
Input bias current nA 
Full range 


V Input voltage range 


Maximum peak-to-peak 


MIN TYP 
40 500 
AL=10KM [arc | 24-28 24s 
RL =2kQ 20 26 20 26 V 
L 

y 50 350 

2 2 35 

70 90 0 
30. 150 





Vopp 





output voltage swing 


PRLS 2k2 [Fullrene [| 20 «do SCSCS 

voltage amplification Vo=#10V | Fullrange | 25 | 

[Bj Unity in tancnienn [idee | as 

[i Inputresisonce ——~+| ——~itaec «dP oss Cd SC*d CO 

[aviG/aVES Supply volte sensitivity | Ag<toKa [2c | a0 | —SCiROO 
00 


Qo 
° 
o 














AvD 


Equivalent input 
Va noise voltage 
(closed-loop) 









25° 

MIN Ta 
MAXTa | 4510 

150 340 150 340 jan 


Supply current 
(All four amplifiers) 


No load, 
No signal 
























Total power dissipation 


ne teed MIN T 180 400 180 400 w 
m 
(All four amplifiers) No signal A 
MAXTa | 1385, 300 | 135 300 
ee a eT a a 


. Rg =1kQ 
Vo1/Vo2 Channel separation . 


TAI characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for 
RC4136 is OC to 70°C. 






operating characteristics, Vcc+ = 15 V, Voc— = —15 V, TA = 25°C 


PARAMETER TEST CONDITIONS 
ee V)=20mV, RL =2kQ, 
t 
r ise time C, = 100 pF 


= . a Vj)=10V, RL =2kQ, 
rate at unit ain 
ae vs C= 100 pF 


schematic (each amplifier) 





VCC+ 


INVERTING 
INPUT 


NONINVERTING 
INPUT 


OUTPUT 


Vcec- 
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LINEAR INTEGRATED TYPES RM4558, RC4558 
CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. OL-S 7612365, MARCH 1976 





e Continuous-Short-Circuit Protection SUM INE 
e Wide Common-Mode and PACKAGE 
Differential Voltage Ranges per view 
e No Frequency Compensation Required cual ge 
e Low Power Consumption Voce PUT INPUT ny, 
e No Latch-up 
e Unity Gain Bandwidth 3 MHz Typical 
e Gain and Phase Match Between Amplifiers 
e Designed to be Interchangeable with 
Raytheon RM4558 and RC4558 
description 


OUT- INV) NON. Voc— 
PUT INPUT INV 
INPUT 


The RM4558 and RC4558 are dua! general-purpose 
Operational amplifiers with each half electrically 
similar to uA741 except that offset null capability 
is not provided. 


AMPLIFIER NO. 1 





L PLUG-IN PACKAGE 
(TOP VIEW) 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 





circuit protected and the internal frequency comp- : 4 

ensation ensures stability without external F 5 

components. : 3 
3 5 

The RM4558 is characterized for operation over the 

full military temperature range of —55°C to 125°C; “INPUT. 

the RC4558 is characterized for operation from 0-C iy 

to 70°C PIN 41S IN ELECTRICAL CONTACT 


WITH THE CASE, 





Supply voltage Voc+ (see Note 1) 

Supply voltage Vcc— (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (any input, see Notes 1 and 3) 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 


Continuous total dissipation at (or below) L Package 


25°C free-air temperature (see Note 5) JG or P Package 


Operating free-air temperature range 


Storage temperature range 
Lead temperature 1/16 inch from case for 60 seconds JG or L package 


Lead temperature 1/16 inch from case for 10 seconds P package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc. and Vcc. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 





ao WN 


. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES RM4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, Vcc+ = 15 V, VCC— = —15 V 


RM4558 
PARAMETER TEST CONDITIONST 

MIN TYP MAX 

° 

V Input offset voltage Re <10k2 

= : : Full range 
1 | ff t ae 
nput offset curren 
10 id Full range 


RC4558 
MIN TYP MAX 











- 
ol 
a 
< 










. 25°C 40 500 40 500 
| shina Fultrenge [1800 | so | 
V Input voltage range a Ez +12. +14 +1 +1 
aximum peak-to 3 
Vopp ths tte RL =2k2 25 C 20 26 





output voltage swing Ry >2k2 
L 


‘ Large-signa! differential RL 22k2, | 25°C 
vO voltage amplification Vo =+110V | Full range 
P : ; P 


3 


oO 


PS) N 
pS 


0 


B Unity-gain bandwidth aaa Ez: 
25°C 


CMRR Common-mode rejection ratio | Rg <10k2 | 25°C 


Rg <10k2 | 25°C 


25°C 


NO 
ol 


wJ 
i=) 
o 
io) 
sl 
o 
oO 
Oo 


AVio/4Vcc_ Supply voltage sensitivity 


r < 
~ pa 


0 150 









Equivalent input 






Vn noise voltage 
(closed-loop) 








25°C 
MIN Ta 


MAX Tg 


Supply current 
(Both amplifiers) 


No load, 
No signal 












N 
om 
_d 
~ or 
oO o 













75 


(Both amplifiers) No signal 


75 
0 90 200 a 
70 150 


TAI characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is —55°C to 125°C and for 
RC4558 isO°C to 70°C. 


Total power dissipation 


N 
2 


PD 








Operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


RM4558 
PARAMETER TEST CONDITIONS 
MIN TYP MAX 


: . Vv, =10V, RL =2kQ, 
SR Slew rate at unity gain 
Cy. = 100 pF 


schematic (each amplifier) 





RC4558 
MIN TYP MAX 







ol 
3s 





Vec+ 


INVERTING 
INPUT 


NONINVERTING 
INPUT 


OUTPUT 


Vcc-— 
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LINEAR TYPES TLO22M, TLO22C 
INTEGRATED CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 7612038, SEPTEMBER 1973—REVISED JUNE 1976 






FORMERLY SN52L022, SN72L022 
e Very Low Power Consumption e Low Input Offset Voltage 


e Typical Power Dissipation with +2-V e Internal Frequency Compensation 
Supplies... 170 u.W 


e Low Input Bias and Offset Currents 


e Latch-Up-Free Operation 


e Popular Dual Op Amp Pin-Out 
e Output Short-Circuit Protection 


description 


The TLO22 is a dual low-power operational amplifier designed to replace higher-power devices in many applications 
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise 
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a 
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up, 
high slew rate, and output short-circuit protection assure ease of use. 


The TLO22M is characterized for operation over the full military temperature range of —55°C to 125°C; the TLO22C 
is characterized for operation from O°C to 70°C. 


terminal assignments 
JPORP L 
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) 


AMPLIFIER NO, 2 


OUT. INV INV 
Vec+ PUT INPUT INPUT 


AMPLIFIER NO. 1 
Z°ON H3IFSIIdAY 


OUT. iy Now. Vec- PIN 41S IN ELECTRICAL CONTACT 
. INPUT WITH THE CASE 


AMPLIFIER NO. 1 


Supply voltage Vcc+ (see Note 1) 

Supply voltage Vcc_— (see Note 1) 
Differential input voltage (see Note 2) 

Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 


- Each amplifier 
Continuous total dissipation at (or below) 25 C 
JG or P package 
free-air temperature range (see Note 5) Tota! package 
L package 


Operating free-air temperature range 
Storage temperature range 
Lead temperature 1/16 inch from case for 60 seconds JG or L package 


Lead temperature 1/16 inch from case for 10 seconds P package 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where the 
zero-reference level! is the midpoint between Vcc + and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

. The output may be shorted to ground or either power supply. For the TLO22M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 

For operation above 25°C free-air tamperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TLO22M, TLO22C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCcC+ = 15 V, VcCc— = —15 V 


| | TLo2zM_—L c 
PARAMETER TEST CONDITIONSt eee reo 
MIN TYP MAX| MIN TYP MAX 
Vio Input offset voltage Rg < 10 k2 
Full range 










~ 


3 
< 


1 
© 
I+ 
ie) 
Cc 
</< | 5/5 2 
= 


2 
100 250 


OQ 


; a ante taeeh 
nput offset curren 
10 E Full range 
nput bias curren 
16 e Full range 
R 


= 
oO 
i=) 







VI Input voltage range 
Full range +12 
y Maximum peak-to-peak L=10k2 20 
OPP output voltage swing R~_210k2 | Full range 20 2 
i Large-signal differential Ry > 10kQ, 72 60 80 
VD voltage amplification Vo=210V 60 
career 60 72 
CMRR Common-mode rejection ratio Rs < 10 kQ 
FFultvonge [60 +i oS 
a 30200 
AV19/AVcc Supply voltage sensitivity Rs < 10 k2 yVIV 


Full range 


200 






Vn Equivalent input noise voltage H 





a) 

< 
~ 
a 


NOT AQ 
oO1oO 
| 
_ 
tw 
oO 
AQ] NO 
oo 
o|o 
3 t 
= > 


ios Shortcreuivoutputcurrent «| «dO 
Supply current No load, 25 C 1 
(Both amplifiers) No signal 

TAI characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL022M is —55°C to 125°C and for 

TLO22C is O°C to 70°C. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, TA = 25°C 


M 2c 
PARAMETER TEST CONDITIONS — ee 
MIN TYP MAX | MIN TYP MAX 


Reine tov. toe, | 7 


: ; V,=10V, R;, = 10kQ, 
SR Slew rate at unity gain 
Cy =100pF, See Figure 1 


+ 
o>) 
3 

> 






13 
26 
86 
72 
30 
+6 
30 
3.9 


l 















V/us 


Cc 
5] 
=| 


io) 
OT | 
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TYPES TLO22M, TLO22C 


DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 









TYPICAL CHARACTERISTICS 


TOTAL DISSIPATION 
vs 
SUPPLY VOLTAGE 








TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


vi 
= 
OUTPUT Ec 
i LL = 
———-ov S 
oO 
3 V, 
INPUT VOLTAGE Ru = 10 kN 2 
= ae ES Ey 4 ES ES ee See ee 
WAVEFORM OQ a EE! OY A CT A OS ST CE ES 
— ay 2 Ge ee Ce ee ee ee ee 
s§ Se (a eee ee 
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LINEAR TYPES TLO44M, TLO44C 
INTEGRATED CIRCUITS QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612039, SEPTEMBER 1973—REVISED JUNE 1976 





FORMERLY SN52L044, SN72L044 


e Very Low Power Consumption e Low Input Offset Voltage 


e Typical Power Dissipation with +2-V e Internal Frequency Compensation 
Supplies... 340 pW 


e Low Input Bias and Offset Currents 


e Latch-Up-Free Operation 


e Power Applied in Pairs 
e Output Short-Circuit Protection 


JORN 


description DUAL-IN-LINE PACKAGE (TOP VIEW) 


The TLOQ44 is a quad Jow-power operational amplifier 

designed to replace higher-power devices in many Vec+ OUT. INV bets Vec_ te ii’ aoe: 
applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT PUT 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated 
circuits. Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. Power may be applied 
separately to Section A (amplifiers 1 and 4) or 
Section B (amplifiers 2 and 3) while the other pair 
remains unpowered. 





The TLO44M is characterized for operation over the INV NON. 

full military temperature range of —55 °C to 125°C; BOE a ng eee 
the TLO44C is characterized for operation from 0°C 

to 70°C. 


Pins 4 and 12 are internally connected together in the N package only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLO44M TLO44C UNIT 
Supply voltage Vcc+ (see Note 1) | 22 | 8 


Supply voltage Vcc— (see Note 1) 

Differential input voltage (see Note 2) | #30 
Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) | unlimited | unlimited | 


Continuous total dissipation at (or below) 25°C Each amplifier 


22 

—22 

+30 
free-air temperature range (see Note 5) 680 
“5 t0 138 G 

260 260 


°C 





NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where the 
zero-reference level is the midpoint between Vcc}; and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the TLO44M only, the unlimited duration of the short-circuit 
applies at (or below) 125 C case temperature or 75 C free-air temperature. 

5. For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCC+ = 15 V, Vcc— = —15 V 


TLO44M 
PARAMETER TEST CONDITIONST ao Lee 
MIN TYP MAX |MIN TYP MAX 
v sncaccrenan Pe oe ee eee 
nput offset voltage 

2 : : Fullrange | —SS~S~=~* CS 

Te) Input offset current 

tp 









< 


=) 


C 
<i > = 
= 


Fullrange | _____—__100 | 


| a 
Input bias current 
Full range 
25°C +12 8 =6+13 +12 =8+13 
V\ Input voltage range 


: Maximum peak-to-peak Ri =10k2 | 25°C Ws202- 7 226,- ——,] 20 26 
OPP output voltage swing Ry, =10k2 Full range | 20, = 


. Large-signal differential R_ = 10k, | 25°C 
ve voltage amplification Vo=+10V_ | Full range 
25°C 

CMRR Common-mode rejection ratio Rs < 10 k2 
Fullrange | 60 


i 8 
; ? 7 
a 25°C 30 150 
AVi090/A4Vcc Supply voltage sensitivity Rs < 10k2 
+ 
5 
i, 12 


~ 
s 


NO 

ol 
NO 
oi 
o 


+ 
3 
NO 






=) 


0 


(a?) 
© 


2 


NO 
Oo 
i 


uV/iV 






nVv//Hz 


Vn Equivalent input noise voltage 











0 
los Short-circuit output current Po 25°C 
Supply current No load, 25°C 
oe (Four amplifiers) No signal Full range F400 FT 
Total dissipation No load, 25°C 5 


TAtl characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO44M is —55°C to 125° and for 
TLO44C is O°C to 70°C. 


operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 
PARAMETER TEST CONDITIONS UNIT 


MIN TYP MAX |MIN TYP MAX 





0 
6 


b 
°o 
a 
> 


B 
> 


8 
7 
3 
id 
7 


PD 





~_ 
oi 





(Four amplifiers) No signal Full range 





: : V,=10V, Rit =10kQ, 
SR Slew rate at unity gain ; Vis 
Ci =100pF, See Figure 1 
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TYPES TLO44M, TLO44C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION ]. TYPICAL CHARACTERISTICS 


TOTAL DISSIPATION 
vs 
SUPPLY VOLTAGE 


1 0 GEES) GE Ge EE I eee 





















oS a a ES 
jo. J 
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oe ee Ee “a 
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WAVEFORM 5 oz ee as a ia 
af az er ee es ee 
a) 
£ ied 
TEST CIRCUIT 0.2 
0.1 
0 2 4 6 8 10 12 14 16 18 20 
Vcct|-Supply Voltage—V 
FIGURE 1—RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE FIGURE 2 
schematic (each section) 
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Pe a eg ee eg Oe r es ee ee oe 
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| Vcec+ 
| a [ee 
| AMPLIFIER 
1 
| 1 | | | 
LI | 
l a 11 r 
ilies l | 
| | | | 
| | | | 
| It | 
INVERTING | || 
INPUT | | 
sone ais ~ jt 
INVERTING | | 
INPUT | 
I | | 
£1 
inkae%, | ! 
| | | | 
| 1 | | 
| ly l 
| | Vcc- 
Oa a etn ee a ape ener enya J 
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FUTURE PRODUCT TYPES TLO81AC AND TLO8IC 
TO BE ANNOUNCED JFET-INPUT OPERATIONAL AMPLIFIERS 


JUNE 1976 





e JFET Input Stage e No Frequency Compensation Required 

e High Input Impedance. .. 109 2 Typ ® Continuous-Short-Circuit Protection 

e High Slew Rate Typically 9 V/s e Unity Gain Bandwidth. ..3MHz Typ 

-o Low Input Bias Current... 2nA Typ e No Latch-Up 
e Low Input Offset Current ...0.2 nA Typ e Low Power Consumption 
description JG ORP L 
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE 
(TOP VIEW) (TOP VIEW) 


This monolithic JFET-input operational amplifier 
incorporates well-matched, high-voltage BI-FET dew Wace par vance 
technology (JFET’s on the same chip with standard 

bipolar transistors). The device features low input 
bias and offset currents, low offset voltage and offset 
voltage temperature coefficient, coupled with offset 
adjustment that does not degrade temperature 
coefficient or common-mode rejection. 


_ The TLO81C is characterized for operation from o°Cc 
to 70°C. ANCE INPUT Pie 


BAL. INV NON- Vcc. PIN 4IS IN ELECTRICAL 





CONTACT WITH THE CASE 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note1) 2 6 6 we 18 V 
Supply voltage Vcc— (seeNote1) 2. 6 ee ee ee ee ee TB V 
Differential input voltage (see Note2) «ww we ee ee +30 V 
Input voltage (see Notes tand3) 6 2 www ee ee . t15V 
Duration of output short-circuit (see Note4) ... . Baigidd: wen Wed Mk. ee Se A anlinaited 
Continuous total dissipation at (or below) 25 C free-air femperature eee Note 5) Sage op. hss a ey A ae OFM 
Operating free-air temperaturerange . 2... ee ee ee ee ee ee OC TO 70°C 
Storage temperature range .. . Ce ee ee ew ee es 65°C to 150°C 
Lead temperature 1/16 inch from case ict 60 ecuiials IG or a sackets Ug eae ae Eee ete Mae; ee SOU. 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . 2. 1 1 eee ee ee ee ee 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference level is the midpoint between Vcc+ and Vcoc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either paren _ Temperature and/or supply voltages must be limited to ensure that the 
dissipation rating is not exceeded. 


18) 


5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This serine for the L package 
_requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105°C/W. 
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electrical characteristics, V¢cC+ = +15 V, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


| Rs = 502 
Vio Input offset voltage 
Rs =50 2, TA = full range 


Temperature coefficient 
Rs = 50 2, Ta = full range 


TLO81AC 
MIN TYP MAX 

















TLO81C 
UNIT 
MIN TYP MAX 
m 
V 
“vio of input offset voltage 


ra) ~J 
w oO 












8 


k . Supply voltage rejection 
SVR ratio 
No load, Ta = 25°C 
Icc Supply current ; a 
No signal Ta = full range 


*ksvr = 4Vcc+/4Vi0. 
TAI characteristics are specified under open-loop operation, unless otherwise noted. Full range for Tg is 0°C to 70°C, 


~~ 
oO 
o 
oO 
~J 
o 


V 
eC 
, cor ei@aceue: © "ieee 02 a 
nput offset curre n 
: Aen es eon any bl eee Son 
lig Input bias current nA 
Ta = full range 
; +12 +10 
Common-mode input 
VICR to to V 
voltage range 
—12 —10 
Maximum peak-to-peak R_ #10 kQ 24 26 24 26 
Vopp : Ta = full range V 
output voltage swing EEE 
Large-signal differential Rie =10 kQ, Ta =25°C 25 200 25 200 
AvD Pa V/imvV 
voltage amplification | Vo=st0v | Ta=tulranse | 18 | 
[tour resistance PCSC—“—~sSCSSCSCSsSC Cd C~dSC 
Common-mode rejection 
CMRR : Rs = 10 k2 70 #8690 70 8690 
ratio 
0 
mA 


3 6 


No 
> 





operating characteristics, Vcc = +15 V, TA = 25°C 


TLO81AC TLO81C 
PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 
SR S| te at unity gai Mb eaew Bere V/ 
ew rate n Ss 
ate at unity gai CL = 100 pF Mm 
















Cc 
= 
= 
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FUTURE PRODUCT TYPE TLO84C 
TO BE ANNOUNCED QUAD JFET-INPUT OPERATIONAL AMPLIFIER 


JUNE 1976 





e High Input Impedance — JFET Input Stage JORN 


: oe : DUAL-IN-LINE PACKAGE (TOP VIEW) 
e Continuous-Short-Circuit Protection 


AMPLIFIER NO. 4 AMPLIFIER NO. 3 


e Wide Common-Mode and Differential ee rl am 


ING VERTING VERTING ING 
Voltage Ranges OUTPUT INPUT INPUT VYecc~ INPUT INPUT OUTPUT 


e No Frequency Compensation Required 

e Low Power Consumption 

e No Latch-Up 

e Gain and Phase Match Between Amplifiers 
e High Slew Rate...9V/us Typ 


description 


The TLO84 is a monolithic quadruple JFET-input COMSTINING VERTING °° VERTING ING 
operational amplifier. The high slew rate, high input es — ee 
impedance, and low input bias and offset currents 
make this device excellent for high-speed analog 
applications. The output circuitry has been carefully 
balanced and symmetrically connected to minimize offset. This device is compatible with the LM324, MC3403, and 
HA4741 quadruple operational amplifier pinout. 


AMPLIFIER NO. 1 AMPLIFIER NO. 2 








absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUppIY Voltage, VOCE a ak ee es Sea cE Oe ee ee! Be ee ae a ee yO a a Se re we oe ee oe ISN 
Supply voltage, VCCc— Sect Bx Ss ae Soe “Re we, ER te eh Meri Me St eed a ee ee eee ST 
HApUTVOlAGe: see ee ae em tee ook Se AO ee ale a we a Be a ee oe a he eo ae ve ee, oe BY 
Continuous total! dissipation at (or below) 25°C free-air temperature . .. ...... 2... . 5OOmW 
Operating free-air temperature range... . 1 1 we ee ee ee ee ee ee ee ee OC 070°C 
Storage temperaturerange . 2... ee ee ee ke ee ee ke ee ee ee ee es 65°C to 150°C 


electrical characteristics 


MIN TYP MAX UNIT 


Input offset voltage: at25°C . 2... ee 10 15 mV 
over temperature range . . . . 1. 1 1 ew ee ee 20 mV 
Temperature coefficient of input offset voltage . .... 2.0.0.0 8.8 eee 10 uvi°C 
Input offsetcurrent: at25C . 2... wk ee kk ke kk 0.2 0.5 nA 
over temperature range by ah Gee tes ag ot. ee Ye Sy 1 nA 
Input biascurrent: at25°C .... ee ee ee ek ek ee 2 4 nA 
over temperature range Br dae Hee Be wage 9 hee ES GG ee 6 nA 
Maximum peak to peak output voltage swing at BOE a dnt ge cgs th “aids Be IA 9 Shc 24 26 V 
Large signal differential voltage amplification: at25C .....2.2.2.2.2... «25 + 200 V/mV 
over temperature range ...... £15 V/mV 
Common-mode rejectionratio . 2... 1 1 wk ee ee ee ee ee we we ee) 67D 90 dB 
Supply voltage rejectionratio . 2... 1 kw ke eee ee ee ee ew ew ee) 67D 80 dB 
Supply current per amplifier . . 2... 1 1. 1 we we ee ee ek ek 2 4 mA 
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LINEAR TYPES TLO89S!, TLO89C 


INTEGRATED CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 
CIRCUITS BULLETIN NO. DL-S 7612421, JUNE 1976 





e Very Low Input Offset Voltage ...25 to 50 uV Typ e Output Short-Circuit Protection 


e Very Low Input Offset Voltage Temperature e High Slew Rate...10V/us Typ 


Coefficient ...0.2 uV/'C © High Gain-Bandwidth Product. . . 
e Very Low Input Bias Current... 150 pA Typ 3 MHz Typ 


e Very Low Input Offset Current...100 to 200 pA Typ e Wide Common-Mode and Differential 


e Very Low Input Offset Current Temperature Voltage Ranges 


Coefficient ...2 pA/°C e Very High Voltage Amplification... 
175 dB Typ 
description 
The TLO89 high-performance chopper-stabilized L PLUG-IN PACKAGE 
operational amplifier features superior input offset (TOP VIEW) 


voltage, input offset voltage temperature coefficient, 
input bias and offset current characteristics, and ex- 
cellent dynamic performance when compared with 
conventional amplifiers. The inputs of the TLO89 are 
symmetrical and differential, meaning that the device 
may be operated in any conventional op-amp feed- 
back configuration. Applications include high-gain dc 
instrumentation, precision integrators, and as a substi- 
tute for other operational amplifiers wherever much 
lower errors without external adjustments are re- 
quired. The TLO89 can replace the Harris HA2900 
series of devices in most applications. It is available in 
an eight-pin hermetic plug-in package with standard 
pin-out and requires only three capacitors for Veen 
operation. 


PIN4 ISIN ELECTRICAL 


The TLO891 is characterized for operation from CONTACT WITH THE CASE 


—25°C to 85°C and the TLO89C from 0°C to 70°C. 





functional block diagram 








INVERTING 
INPUT 
- OUTPUT 
NONINVERTING " 

INPUT 
Cr 
CsH 

FIGURE 1 © 
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TYPES TLO89I, TLO89C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UNIT 
Supply voltage, Voc+ (see Note 1) 
Supply voltage, Vcc — (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 

[Continuous total dissipation at (or below) 26°C free-air temperature (see Now S) | —625_——«4| =i SS*dC 

[storage temperaturerangeSSCSC“‘*‘“~*S*‘“‘“‘“‘“;*‘;*~*dC HW ASO | tO 1G | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the 
zero-reference level is the midpoint between Vcc+ and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

« The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 












» The output may be shorted to ground or either power supply. 
.» For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


aobWN 


recommended operating conditions 


TLOS89SI TLO8ssc 
[__MIN_MAX. [~~ 


Supply voltage, Vcc+ 10 20 10 20 
Supply voltage, Voc_ ~10 ~20 -10 ~20 
Operating free-air temperature, Ta —25 85 









Ce=0.1 uF 


INVERTING 


INPUT OUTPUT 


NONINVERTING 
INPUT 


FIGURE 2—TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS 
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TYPES TLO89I, TLO8SC 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 





electrical characteristics at specified free-air temperature, VCc+ = 15 V, VcC— = —15 V 


| = TLosoN si Tobe 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX | MIN A 
Input offset voltage Pas so [i 


Average temperature 
avio coefficient of input Full range 0.2 uVPC 
offset voltage 
SS 











=| 

x 
Cc 
2. 
=| 


N 

an 
EE 

sit 

° 

< 


i 
Oo 
=) 
x = 
< 











UD 
> 





Average temperature 
aHo coefficient of input Full range 
offset current 
| Input bias current 
iE ee Full range as | ese | 









3 
> 


y Common-mode input 
ICR voltage range 


Maximum peak-to-peak . 
Vopp RE =2k2 24 20 24 
Output voltage swing 
A Large-signal differential Re =2kQ, 25°C ‘eG ror a0 ade 
vO voltage amplification Vo =110V 
fch Chopper frequency 
=! eels lly bandwidth 


Output resistance 
Common-mode 
CMRR ae : gs <= 10 k2 
rejection ratio 
Supply voltage 
k g <10k2 
SVR" rejection ratio 


x 
N 


= 
~ 





3 


Short-circuit output ac 
No ee 


*ksvr = AVcc/AVjo. 
TFull range for the TLO89QI! is —25°C to 85°C and for the TLO89C O°C to 70°C. All characteristics are measured with external components 
connected in the typical gain configuration of Figure 2. 





3 





operating characteristics, VcCc+ = 15 V, VCC— = —15 V, CT = 1500 pF, CF = Csy = 0.1 uF, Ta = 25°C 
PARAMETER ‘TEST CONDITIONS UNIT 


MIN TYP MAX; MIN TYP MAX 


a ce 


Maximum-output- y Srey. vo 
Bom swing bandwidth OM 








110 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


t-— 


TYPES TLO89I, TLO8SC 


CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 





_ PRINCIPLES OF OPERATION 


Traditional integrated operational amplifiers have 
inherent problems that cause inaccuracies in many of 
“the dc and very-low-frequency applications of these 
devices. The major problems are: 
1. Input offset voltage 
2. Thermally-induced change of input offset 
voltage 
3. Input offset current 
4. Thermally-induced change of input offset 
current 
5. Gain deficiencies 
6. Input resistance effects 


Chopper stabilization is a technique that is effective 
in substantially reducing the initial and long-term 
input offset voltage, input-offset-voltage drift and 
gain deficiencies. Other circuit techniques can be 
utilized to reduce the effects of offset current, 
offset-current drift, and input resistance effects. 


Most chopper-stabilized amplifiers feature single- 
ended, inverting operation. These are available as 
bulky modular devices fabricated by discrete or 
hybrid approaches. For space-critical applications, or 
for applications requiring the noninverting or 
common-mode configuration, the _ traditional 
chopper-stabilized amplifiers are not suitable. 


HIGH FREQ. HIGH PASS 
—_—> 


LOW FREQ. 


(d) 
(b) (c) 


LOW PASS 


fae Pamcue 


CHOPPER 
DRIVE 


The TLO89 is an effective application of chopper- 
stabilization techniques to an integrated circuit 
design. It is fabricated in a popular standard package 
and incorporates a unique differential-input configu- 
ration that permits common-mode input voltages and 
application in inverting or noninverting configura- 
tions. Circuit techniques and state-of-the-art tech- 
nologies have been combined to provide low input 
bias current, low input offset current, low offset- 
voltage temperature coefficient and drift, and very 
high input resistance. 


The following discussion is provided to familarize the 
user with chopper-stabilization techniques. For 
simplicity, the technique will be described first by 
reference to a simplified single-ended chopper- 
stabilized amplifier. Principles will then be extended 
to the TLO89 differential-input integrated-circuit 
operation amplifier. 


The general approach to chopper stabilization is 
accomplished by processing low-frequency signal 
components separately from the higher-frequency 
components. This is illustrated in Figure 3. The upper 
signal path passes higher-frequency (>100 hertz, for 
example) signal components directly. These higher- 
frequency components are amplified directly by the 


(a) 
INPUT 0 


(b) 
MODULATED g 
INPUT 


(c) 
PRIOR TO O 
DEMODU- 

LATION 


IT = 


(d) 
AFTER 
DEMODU- 
LATION 


(e) 
AFTER 
LOW-PASS 
FILTERING 
AND 
SUMMING 








FIGURE 3—SIMPLIFIED BLOCK DIAGRAM OF TYPICAL DISCRETE CHOPPER STABILIZED OPERATIONAL AMPLIFIER 
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TYPES TLO89!, TLO89C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 


wide-band amplifier, A1. The low-frequency 
components (<100hertz in this example) are 
processed through the lower signal path-— the 
chopper channel. The low-frequency signal is 
periodically shunted to ground by the action of the 
input chopper. The resulting waveform at the output 
of this chopper is amplified by applying it to the ac 
amplifier, A2. After amplification, the signa! is 
demodulated in synchronism with the input chopper 
switch to restore the proper dc level. A low-pass filter 
smooths the demodulated signal and attenuates any 
noise created by the demodulation switch. The 
resultant low-frequency signal is finally amplified by 
the high-frequency amplifier, A1. The chopper path, 
therefore, processes the low-frequency _ signal 
components by converting them to higher-frequency 
ac signals, amplifying them, and finally converting 
them back to low-frequency components by demodu- 
lation. This technique reduces the offset and drift of 
amplifier A1 by the gain of the chopper amplifier. 
Overall low-frequency gain is a combination of the 
gain of the higher frequency and lower frequency 
channels. 


This chopper-stabilization technique results in 
extremely high low-frequency gains and extremely 
low voltage offset. Since reduction in offset-voltage 
change does not depend on cancellation of change 
due to matched components, the chopper-stabilized 
amplifier is relatively immune to change due to 
thermal effects. Long-term-drift stability is also 
excellent. High-frequency characteristics are primarily 
a function of the high-frequency amplifier, A1. 


The above description is an example of a typical 
discrete chopper-stabilized operational amplifier with 
a single-ended input stage. 


Operation of the TLO89 may be explained by 
referring to Figure 1. Amplifier A1 is a high- 
frequency amplifier featuring a unity-gain bandwidth 
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of 3 MHz and a unity-gain slew rate of 10 volts per 
microsecond, Frequency compensation is internal. 


The low-frequency input signals are ‘“chopped”’ by 
the differential input chopper periodically shorting 
the differential inputs together. During this interval 
of time, the offsets of amplifiers A2, A3, and other 
system errors are cancelled out. The sample-hold 
capacitor, CSH, holds this condition during the next 
interval of time, while the input chopper couples the 
offset voltage of Al to the input of A2. After 
amplification by A2 and A3, this signal is demodu- 
lated by the synchronous demodulator. 


The output of amplifier A4 is used to nul! the initial 
offset of amplifier A1. This nulling is accomplished at 
a point in the input stage of A1 that is similar to the 
external null-offset terminals of a conventional 
integrated-circuit operational amplifier. The chopper- 
stabilization circuit samples and nulls the offset of Al 
at a 750-Hz rate, thereby effecting an almost con- 
tinuous correction of offset. While A2 and A3 are ina 
state of auto-Zero, capacitor Cf retains the previous 
correction voltage at the input of A4. 


Using the basic differential-input chopper stabiliza- 
tion technique described above results in input 
voltage offset and drift much superior to conven- 
tional integrated-circuit operational amplifiers. A 
review and comparison will also reveal input current, 
input offset current, bandwidth, slew rate, and 
voltage amplification superior to these amplifiers. 


The TLO89 represents dramatic increases in perfor- 
mance and make possible application in critical 
designs where only discrete or modular designs could 
be utilized previously. A reduction in cost and 
increase in reliability make this device ideal for these 
applications in addition to applications where 
pertodic or initial calibration can now be eliminated. 
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LINEAR TYPES TL7O2M, TL702C 
INTEGRATED CIRCUITS | GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612407, JUNE 1976 








FORMERLY SN52702, SN72702 


e Open-Loop Voltage schematic 
Amplification ... 2600 Typ 


O Vcc+ 





e CMRR...80dB Typ 


COMP 
description i LAG. 
The TL702 is a high-gain, wideband operational INPUT © 
amplifier having differential inputs and single-ended VER TING © OUTPUT 
emitter-follower outputs. Provisions are incorporated peal 
within the circuit whereby external components may eer eree 
be used to compensate the amplifier for stable are nominal 


operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


Oo Vcc— 


The TL702M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL702C 
is characterized for operation over the temperature range of 0°C to 70°C. 


terminal assignments 


; U 
J OR N DUAL-IN-LINE L PLUG-IN PACKAGE FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


LAG LEAO 
OUTPUT COMP COMP NC 


NC GND INV NON- Voc— ANC 
INPUT INV 
INPUT 





PIN 4IS IN ELECTRICAL CONTACT WITH THE CASE 


NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

















Supply voltage VCC+ (see Note 1) a ee ee 











Supply voltage VCC— (see Note 1) —7 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) | —6to 1.5 |-6to1.5 | Vi | 
Peak output current (tw < 1s) | 50 | 50 | mA] 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 











Operating free-air temperature range —55 to 125 


Storage temperature range | -65 to 150 ]—65 to 150] °C | 





Lead temperature 1/16 inch from case for 60 seconds J, L, or U package 
Lead temperature 1/16 inch from case for 10 seconds | Npackage | 260 | ~~ 260 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
4. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TL702M 


electrical characteristics at specified free-air temperature 





TL702M 












TEST CONDITIONST 


oe ee 
Average temperature coefficient 
jizrc | 2 
Average temperature coefficient 
| 
[Positive swing 


Positive swing 
V Input voltage range - ; 2 
l 
Negative swing 
Maximum peak-to-peak R_ = 100 k2 


5°C 
Output voltage swing R_ = 10k2 
1400_2600 
Vo =+5V 


Vo = #2.5 V 


: 
rj Input resistance 3 


Output resistance 200 500 
CMRR Common-mode rejection ratio 70 80 

AVi9/4Vcc Supply voltage sensitivity 60 30 
cc Supply current 
Pp Total power dissipation 


PARAMETER 








Input offset current 


2.5 


= 

z 

~ 

< 

Ww ~ 
S 

és > 


NO 
© 


VopP 










Large-signal differential 
spa Ry > 100 k2 


ficati 
voltage amplification 380 700 


300 7 


ie) 


s 


© 
~~ 
oO 
oO 
oO 


uo 

ro) 

~ 

a) 
2/3 

=|> 


2.1 : 





Tt All characteristics are specified under open-Joop operation. Full range for TL702M is —55°C to 125°C. 
NOTE 3: This typical vatue applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 
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= V Vv = 
Vec+ = 12 cc+ =6V UNIT 
Vec—*=-6V Vec-—2#-3V 
X| MIN TYP MAX 
28 av | 
=a 
uA 


2) 


~ 


60 300 | uV/ 


< 
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376 


TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TL702C 


electrical characteristics at specified free-air temperature, VCcc+ = 12 V, VCC— = —6 V 


PARAMETER TEST CONDITIONSt a 
V ! ff It Rs < 2k aa 
t tvo S 
i? ee at See S Full Range 
A te t Oefficient 
ae Nelege mperature coefficien Rg = 502 Full Range 
of input offset voltage 
1 1 ff aol 
t t t 
10 nput offset curren Full Range 


Average temperature coefficient 0°C to 25°C 
a ° 
NO of input offset current 25°C to70°C 


, i 25°C 
t bias ent 
IB nput bias curr OG 
V Input voltage range - : 25°C 
Negative swing 
Maximum peak-to-peak - 
- Vopp geehiata Ry > 100k2 25°C 
Output voltage swing 
A Large-signal differential Ry > 100k2, Vo =45V 25 C 1000 2600 
voltage amplification Full Range | 800 
Tj i 
To 











TL702C 
MIN TYP MAX 


Cc 
< 
- 





< 


~ 
ul 
> 


wW 
[ oO 


b 
ou 
nN 
ro) 
> 







+e) 


25°C 
nput resistance 
iis ieee Full Range | 3. 


CMRR Common-mode rejection ratio Rg <2k2 25°C 65 
AViQ/AVcc Supply voltage sensitivity 25°C 
lec Supply current : 25°C 


200 600 


i 
~ 


5 = 
afzlElalojs} |<{</slei3] 8] 2 
< oO re) 


too] 
oO 


60 30 


< 


L 


Oo 
~~] oO 


© 
© 


125 


o 
NO 
ol 





t All characteristics are specified under open-loop operation. Full range for TL702C is 0°C to 70°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 





TL702M, TL702C 


operating characteristics Vcc+ = 12 V, Vcc—=—6 V, TA =25°C 


TEST BOTH TYPES 
PARAMET TEST CONDITION 
aah cure) ___——sTesteonommions, = TYP MAX 


| UNIT 
i Vi=10mV, CL =0 25. 120 | ns | 
tr Rise time 
Vi=1mv 10 30 {| ns | 
7 








: Auatanes V, = 10 mV, CL = 100 pF 10% 50% 
vershoot factor > Viz 1mv 70%, 40% 


SR Slew rate 5 


V/s 
Vi = 100 mV ae: 











TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


115 





TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


VI 


OUTPUT 


INPUT 
———0V 


INPUT VOLTAGE 
WAVEFORM 





FIGURE 1—UNITY-GAIN AMPLIFIER 





5 kQ 


Vy 


OUTPUT 


INPUT 
ee a, 





INPUT VOLTAGE 
WAVEFORM 





50 


FIGURE 2—GAIN-OF-100 AMPLIFIER 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 


FREQUENCY 
(for various lag compensations) 


Vec+"12V RE = 100k9 
Vec-=-6V Ta=25°C 









CU CUM TU 


10 GUS Oe DOO ENl aD a WOOL ee BASE 
} 


LAG 
6 C 
1 Re 
4 
Ry 


Vopp—Maximum Pesk-to-Peek Output Voltage—V 
@ 


LAG COMPENSATION CIRCUIT 


100 10k 100 k 1M FOR FIGURES 3, 4, AND 5 


f—Frequency—Hz 
FIGURE 3 


LARGE-SIGNAL DIFFERENTIAL 
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION 























































VOLTAGE AMPLIFICATION vs 
vs FREQUENCY 
FREQUENCY (for various lag compensations) 
10 104 
AVD(0) ™Avp at f =1 Hz Open-Loop, C4 = Voc+ = 12V 
§ Open-Loop Vcec+ = 12 V 5 Vec— sone 
= _=— ~ L? 
3 10 Be: qi ua By oe ¥ 3 10? mn Oe Ta = 25°C 
2 ill mn EVs? é Avp(0} = 100 
< RL= 100 kQ < = es 
§ 10? Ta * 28°C § 10? Ci 100 pF, Ry 2k2 = 
3 AvD\(0) = 100 3 TN 
s Closed- i > Avpio) = 10 
3 , Hie rc] . gO canal 
- 10 =; c 10 I 
: alt =10 & ‘\ 
= Closed-Loop = AvD(0) = 1 
a se Ci = 0.01 uF, Ri = 202 | 
ki 1 Hin a 1 =aq 
> ea = ' > 
< Closed-Loop is < 
10-' 10-' 
100 1k 10 k 100 k 10M 100 k 1M 10M 100 M 
f—Frequency—Hz f—Frequency—Hz 
FIGURE 4 FIGURE 5 
LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
v3 
FREQUENCY 
(for various lag compensations) 
RF 
§ Voc+ 2 12V 
= Vcc-=-6V 
3 C3 = 50 pF 
= 
E 
% c 
5 AvD(0) = 100, C2 = 0, RF = I bs hl 2 
= ; 
> R 
4 2 
& AVvD{0) = 10, C2 = 1000 pF, 
& R2= 2002, RF = 10k2 
a 
= Avpio) * 1,C2=0.01,F, 
< R2= 202, RE =10k2 ‘ 
& C3 
100 1M 10M 100 M 
_ LEAD-LAG COMPENSATION CIRCUIT 
Ce oe FOR FIGURE 6 
FIGURE 6 
676 PRINTED IN U.S.A. 
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LINEAR 
INTEGRATED CIRCUITS 








e Open-Loop Voltage 


Amplification ... 3600 Typ 


e Designed to be Interchangeable With 


Fairchild .A702 


e CMRR...100dB Typ 


description 


The uA/02 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for stable 
Operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 


FORMERLY SN52702A 


TYPE uA702M 


GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


BULLETIN NO. DL-S 7612408, JUNE 1976 


schematic 


O Vcc+ 


LEAD 
COMP 


LAG 
COMP 


INVERTING 
INPUT © 
NON- 

INVERTING 
INPUT 


O OUTPUT 


Component values shown 
are nominal 


O Vec— 


with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 


The uA702M is characterized for operation over the full military temperature range of —55°C to 125°C. 


terminal assignments 


J DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


LAG LEAD 
NC Vcc+ NC OUTPUT COMP COMP NC 


GND INV NON: Vcc AC 
INPUT INV 
INPUT 


NC—No internal connection 


L PLUG-IN PACKAGE 
(TOP VIEW) 


PIN 41S IN ELECTRICAL CONTACT WITH THE CASE 


U 
FLAT PACKAGE 
(TOP VIEW) 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
. {seo Note 1) 


Cunnly uattana Van 
wpe pee yy wwe Luyw v Wu waits Fe 


Differential input voltage (see Note 2) 


Input voltage (either input, see Notes 1 and 3) 


Peak output current (tw <1 s) 


Continuous total dissipation at (or below) 70° Cc es -air epee tuie lees Note 4) 


Operating free-air temperature range 
Storage temperature range , 


Lead temperature 1/16 inch from case for 60 eee ‘. L, or PU sackage 


NOTES: 


1 
2 
3. 
4 
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14V 


7 NF 
—~f Vv 


. a... t5V 
—6Vto15V 

: 50 mA 

. . . . 300 mw 
. —55°C to 125°C 
. —65°C to 150°C 
. 300°C 


. All voltage values, unless otherwise noted, are with respect to the network ground terminal. 

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
. For operation above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 





TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 















electrical characteristics at specified free-air temperature 
Vec+ = 12V Vec+ #6 V 
Vec—=-68V | Vecc—"=-3V_ [unit 


Average temperature coefficient EEE 
of input offset voltage 25°C to 125°C 
eS | ae cee BA 
jizs°c | 0.08 05 | 0.058 | 

Average temperature coefficient 3. 16 F218 | x 
a 
Negative swing | 4 -5 | -1.5 —2 
[10 106 | 


Ry 2 100k 
Fealeaige | 0, 
AL = 10 kn 
RL 2 10k2 7 3 
ras | 2500 3600 6000] 
Vo =:5V 
5 oem | Full range | 2000 7ooo| Cd 
: Vacsopypee__| 600 9001500 
0°25 Frutrange | ___ [001780 
2 67 


CC OC 
‘ ee ene TFullrnge | 6 +(| 8. i| 
To 


g0 100 80 100 
Fe oe et La TFuttrange | 70 ~+*«(| 70. ~*«Y 


oh ee cae a 






TEST CONDITIONS* 








3 
< 


= 
< 
™~ 
oO 


avid 


ho Input offset current 


3 
> 
O 








Maximum peak-to-peak 


V. 
OPP output voltage swing 











Large-signal differential 


A 
VO voltage amplification 





























—55 C 


125°C 
ee [ eo 


Supply current No load, No signal 






90 135 19-35 | mw 
125°C 80 120 


TAI! characteristics are specified under open-loop operation. Full range is —-55°C to 125°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 





Total power dissipation No load, No signal 


15 30 











operating characteristics Vcc+ = 12 V, Vcc— = —6 V, TA = 25°C 


TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT 


[ye tomv, GeoSS™~*~<—~SSC“<~*‘i Ts 
(WO a de 
a 


V; = 10 mV, C. = 100 pF 10% 50% 
Overshoot factor 
| SR Slewrate 















Vy=1mV 20% 40% 





V; = 100 mV 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


VI 


———o0Vv 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 1—UNITY-GAIN AMPLIFIER 


Vi 
INPUT 


ae OV 


INPUT VOLTAGE 
WAVEFORM 


FIGURE 2—GAIN-OF-100 AMPLIFIER 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 





TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO PEAK OUTPUT VOLTAGE 
vs 


FREQUENCY 
(for various lag compensations) 


Vcoc+ = 12V RL = 100 k2 
Vec—-=-6V Ta=25'C 


} 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





LAG COMPENSATION CIRCUIT 


ee FOR FIGURES 3, 4, AND5 





t—Frequency—Hz 





FIGURE 3 
LARGE SIGNAL OIFFERENTIAL 
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION 
VOLTAGE AMPLIFICATION vs 
vs FREQUENCY 
FREQUENCY (for various lag compensations} 
10 104 
f AvD(0) = Avp at f=1 Hz Vec+=12V 
: Vec+=12V Vcc-=-6V 
Vec—=-6V Ry = 100 ka 
3 | cc 103 Ta = 25°C 


Ts 
i H Cy, =O0.1yF 
| R1=0 
Ny | RL = 100k 
Sin, Ta=25C 


AVD(0) = 100 
C1 = 100 pF, Ry, = 2k2 ) 


10? 10? 









Ayo-DOifterential Voltage Amplification 





c 
2 
8 
a 
: | 
< 
S f 
= AvDi0) = 100 
= Closed-Loop Avpi{o) = 10 
= 49 MI | igi C1 = 1000 pF, Ry = 20022 
& Avpio) = 10] | IIIf Th | 
2 Closed Loop | |||II} ! AVDi0) = 1 
S mb 
- 1 ; eseH) 1 
> Avpi0) = 1 | 
< Closed: Loop f IN 
107" : 107! 
100 1k 10k 100 k 1M 10M 100 k 1M TOM 100 M 
f—-Frequency-H2 f-Frequency-Hz 
FIGURE 4 FIGURE 5 
LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 
FREQUENCY 
{for various lag compensations) 
10¢ Re 
103 
10? C5 
Ra 


1 
uy AvDi0) = 10, C2 = 1000 pF, 


R2= 20082, Re = 10 ks 


! Avb(o} = 1,02 = 0.01 yF, N 
R2= 20382, Re = 10ks2 \ 
N C3 
t 


100 1M OM 100 M 
LEAD-LAG COMPENSATION CIRCUIT 


f-Frequency—H2 FOR FIGURE 6 
FIGURE 6 


Ayvp Differential Voltage Amplification 
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LINEAR TYPES uA709AM, uA709M, uA709C 
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611447, FEBRUARY 1971—REVISED JUNE 1976 








FORMERLY SN52709A, SN52709, SN72709 


e Common-Mode Input Range...+10 V Typical 
e Designed to be Interchangeable with Fairchild ,.A709A, 1 A709, and »A709C 
e Maximum Peak-to-Peak Output Voltage Swing... 28 V Typical with 15 V Supplies 


description schematic 


These circuits are general-purpose operational 
amplifiers, each having high-impedance differential Pe 
inputs and a low-impedance output. Component 
matching, inherent with © silicon monolithic 
circuit-fabrication techniques, produces an amplifier a 
with low-drift and  low-offset characteristics. 
Provisions are incorporated within the circuit 
whereby external components may be used to 
compensate the amplifier for stable operation under 
various feedback or toad conditions. These amplifiers aoe 
are particularly useful for applications requiring rasa 
transfer or generation of linear or nonlinear ics 
functions. 


INPUT FREQUENCY 
COMPENSATION 


OUTPUT 
o FREQUENCY 
COMPENSATION 





The uA709A circuit features improved offset 
characteristics, reduced input-current requirements, 
and lower power dissipation when compared to the uA709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and current are guaranteed. 


Camponent «slues shown are nominal 


The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to 
125°C. The uA709C is characterized for operation from 0°C to 70°C. 


JG ORP 
DUAL-IN-LINE L 
JOR N DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 


. INPUT 
OUTPUT OUTPUT FREQUENCY 


FR OUT- FREQ OUT. FREQ COMP. 
NC COMP A Vcc+ PUT COMP NC COMP A Vcc+ PUT COMP A 


ouTPUT 
FREQUENCY 
NC INPUT INV. NON- Vcc_ ANC INPUT INV NON- Vcc— Yeas COMP 
FREQ INPUT INV FREQ INPUT INV 
COMP B INPUT COMP B INPUT FREQ INPUT INV 
MP 
PIN 4 1S IN ELECTRICAL cone '¢ INEST: 
CONTACT WITH THE CASE 





NC—No internal connection 


voltages specified 
Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage with- 
in the specified range (or of the specified value) is applied to Vcc+, and an equal negative voltage is applied to Vcc_. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA709AM 


Input voltage (either input, see Notes 1 and 3) +10 +10 


+ 


+5 
[Storage temperaturerangeOSOSCSC~—CSC~—~SCSSSCSC*di BO 180 

300 

260 


NOTES: 1. Al voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between VCC+ and VCC~_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less. 

The output may be shorted to ground or either power supply. 

For operation of uA7O9AM and uA709M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 





Pees 


electrical characteristics at specified free-air temperature, VCC+ = +9 V to +15 V (unless otherwise noted) 


PARAMETER TEST CONDITIONSt UATUCAM uA709M 
MIN TYPi MAX | MIN TYPE MAX 


25°C 
Full range 


VIO Input offset voltage Rs S$ 10kQ2 


3 


S 
> < = 


—_= 
co 
—_ 
Oi} 





Rg = 5022 Full range 

~—55°C to 25°C 48 25 

25°C to 125°C 2 15 
25°C | eee 
-55°C 40 250 
125°C 3.5 50 

—55°C to 25°C 0.45 

25°C to 125°C 

25°C 


Average temperature coefficient 
g p uvPc 


of input offset voltage Rs = 10 k2 


ea) 
Oo 


200 
00 500 
200 


ee 


Input offset current 


NO 
oO 
3 





Average temperature coefficient 


a0 nA/°C 


j=) 
o1015 
ie) fee) 
9]o]o |x 
[oy] [os fee] 
> 


of input offset current 


f=) 
N 
oS 
wn 





| j25°c_ 
8 +10 
| ieee. fe siona 
Vises Maximum peak-to-peak [Fullrange | 24 | 
output voltage swing Vec+t = t15V, RL =2k2 20 26 20 26 
Voce =215V, AL >2k2 
Vecr=#15V, RL>zK, fase | BT 
voltage amplification Vo =410V 25 70 25 70 
750 150 400 
: 25°C 80 110 70 90 
CRA Common-mode rejection ralio Rs S 16k22 


~! 
oO 


Full range 80 

25°C 40 
Full range 
25°C 
—55°C 
125°C 
25°C 
—55°C 
125°C 


fo] 
i=) 
ol 
Oo 


25 
uV/V 


Nir ]r 
= ol 
wo 
WwWlaran 
N 
o 
on 
o 


Vec+ =+t15V, No toad, 
No signa! 


3 
> 


Supply current 


“iy: 
o 
| 
o 
~J 
co 
_ 


6 


o 


Vec+=+15 V, No load, 
No signal 


foe) 
_ 
— 
Ww 
ao 
3 


w 
clan 
a1o 
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Total power dissipation 


NO 
~~ 
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oy) 
QQ 
wo 
oO 


o ° 
TAI characteristics are specified under open-loop operation. Full range for uA709AM and uA709M is —55°C to 125 C. 
F All typical values are at Vect+ = 115 V. 
Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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electrical characteristics at specified free-air temperature (unless otherwise noted Vcc+ = +15 V) 


uA709C 
PARAMETER TEST CONDITIONST 
MIN TYP AX 
Vecs = #9 V to £15 V, 25°C 
Vio Input offset voltage Rg < 10k2 Full range 
1 l t offset t == = a . 
o a i 
10 npu set curren Vec+ =19 Vtot15 V Full range 
IB 
| 







N 
s|{= 
o 


a 
< 


~ 
oT 
© 







25°C 0.3 
Full range 


25°C 


I Input bias current Vec+ =*9 Vto+15V 


_ 
or 
= 
> 








NOP RO] 4 
bps, o 
I+ 
— 
© 
< 


Ry = 10k2 
7 Maximum peak-to-peak L Full range 
OPP output voltage swing RE =2k2 25°C 


RL = 2kQ Full range 
Large-signal differential 25°C 
AVD a woos RL <2kQ, Vo =+10V 
voltage amplification Full range 
25°C 
Input resistance 
Full range 


rj i 
CMRR Common-mode rejection ratio Rs < 10k2 25°C 
AV19/A4Vcc Supply voltage sensitivity Rs < 10k2 25°C 


Pp Total power dissipation No load, No signal 25°C 


T Ail characteristics are specified under open-loop operation. Full range for uA709C is 0°C to 70°C. 
NOTE 6: This typical vatue applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 


Operating characteristics Vcc+ = +9 V to+15V, TA =25°C 


250 


ioe) 


o: 0 ben NO 


| dB 


80 200 | m 


150 
5 


NO 
© 
NO nN 
oO oe 
NO 
oO 
Oo 
| ¥ 





EB 


uA709AM 
uA70SM 
uA709C 


Vi =20mV, RL =2kQ2, See Figure 1 
Overshoot factor Cy = 100 pF 6% 30% 


PARAMETER MEASUREMENT INFORMATION 










PARAMETER TEST CONDITIONS 
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= 
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< 
vu 
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10 k2 


VI 


---0Vv 


INPUT VOLTAGE 
WAVEFORM 





FIGURE 1—RISE TIME AND SLEW RATE 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


rr 
mA 


mas, 





TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 





tNPUT OFFSET CURRENT tNPUT BIAS CURRENT INPUT BIAS CURRENT 
vs vs vs 
FREE-AIR TEMPERATURE . FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
Vec+ = +15 V 
< 
< 
j : . 
= | : 
= ra c 
a a 
3 = he 
Oo 3 3 
: : : 
= 8 = 
Oo oo o 
3 5 5 
: 2 g 
T : 
° 2 2 
0 
-75 +50 -28 G 25 S5C 75 100 125 “75 -50 -25 O 2 50 75 100 125 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C IVcc+l—Supply Voltage—V 
FIGURE 2 FIGURE 3 FIGURE 4. 
uA709AM 
INPUT VOLTAGE RANGE INPUT RESISTANCE COMMON-MODE REJECTION RATIO 
vs vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


V \—Input Voltage Range—V 
rj—Input Resistance—kQ 





CMRR—Common-Mode Rejection Ratio—d8B 





105 
-75 -50 -25 OQ 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
IVocz!|—Supply Voltage—V Ta—Free-Air Temperature~°C Ta—Free-Air Temperature—°C 
FIGURE 5 FIGURE 6 FIGURE 7 
uA709AM uA709M, uA709C 
TOTAL POWER DISSIPATION 
TOTAL POWER DISSIPATION TOTAL POWER DISSIPATION 


VS 
vs . vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE 


Pp—Total Power Dissipation—mW 
Pp—Total Power Dissipation—mvV! 
Pp—Total! Power Dissipation—m\W 


No load 


No signal 





-75 -50 -25 0 25 50 75 10 12 
Ta—Free-Air Temperature—°C IVccs!—-Supply Voltage—V 


IVcc+zl—Supply Voltage—V 
FIGURE 8 FIGURE 9 FIGURE 10 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 


FREE-AIR TEMPERATURE 





Ayp-—Differential Voltage Amplification—V/mV 


75 -50 -25 O 25 S50 75 100 125 
T a—Free-Air Temperature—°C 
FIGURE 11 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 


FREQUENCY 


at A | 

ig 

at SU ms 
| TAAL ON 




















HN 
TT ine 
BN AN 


100 1k 10k 100k 9M 


Ayo -Differential Voltage Amplification 
3 
Nn 








10M 


f—Frequency—Hz 


FIGURE 14 


MAXIMUM PEAK-TO-PEAK 


OUTPUT VOLTAGE 
vs 


LOAD RESISTANCE 


vees=215V IIIT tt LTT 
| 
ee aaililll 


Ta = 25°C 





Vopp—Maximum Peak-to-Peak Output Voltage—V 


0.4 0.7 1 2 4 
Ry_—Load Resistance—k2 


FIGURE 16 


TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 


uA709AM, uA709M 
OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS 
SUPPLY VOLTAGE 


uA709C 
OPEN-LOOP LARGE-SCALE 
DIFFERENTIAL VOLTAGE AMPLIFICATION 






vs 
SUPPLY VOLTAGE 
R, 22kQ 


mB 2 
Ta = 0°C to 70°C A” | 

Ta 
can 







g 


Ay p- Differential Voltage Amplification—V/mvV 
Ayp- Differential Voltage Amplification 





Voce|-Supply Voltage-V 


IVocel: Supply Voltage - V 


FIGURE 12 FIGURE 13 
CLOSED-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION OUTPUT 
FREQUENCY FREQ C2 
COMP 


104 





Avpio) * Ayvp at f = 10 Hz 
Vcc: 7215 V 
Ta = 25°C 


Ayp(o) = 1000 
C1 = 10 pF, Ry = 0, C2 = 3pF 
Told ot ft 


NI 
AvD(0) = 100 } 
dn om NI 
C2 = 3pF 
101 ; AvD{o) = 10 NI 
Cy = 500 pF, Ry = 15k, INI 
iN i 
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Avyp—Closed-Loop Differential Voltage Amplification 


C2 = 20 pF 
: f pAvDIO} = 1 i 
a : ey PF. Ry = 15kQ, Nii When the amplifier is operated with 
ae 2 3 p NI capacitive loading, Ra = 50 Q. 
100 ik Ok 100k JM 10M 


FREQUENCY 
COMPENSATION CIRCUIT 
FOR FIGURES 14, 15, AND 18 


f—Frequency—‘Hz 


FIGURE 15 


MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 


SUPPLY VOLTAGE FREQUENCY 


Vec: = 215 V 
Ta = 25°C 
Ry = 10k2 


Vopp - Maximum Peak-to-Peak Output Voltage-V 





Vopp—Maximum Peak-to-Peak Output Voltage—V 





10k 


100 k 
\Voc+l-Supply Voltage—V 


FIGURE 17 


f—Frequency—Hz 


FIGURE 18 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


uA709AM, uA709M uA709C 
VOLTAGE TRANSFER VOLTAGE TRANSFER 
CHARACTERISTICS CHARACTERISTICS 











7 > 
| 
S, 
= £ 
o re) 
> > 
3 5 
a ron 
= rw) 
2 5 
7 .) 
| 
Oo Oo 
> > 
Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 19 FIGURE 20 
SLEW RATE 
RELATIVE OUTPUT SWING vs 
vs CLOSED-LOOP DIFFERENTIAL 
ELAPSED TIME 100 VOLTAGE AMPLIFICATION 
| a 
2 > 
x | 
“ @ 
a é 
6 é 
e 7) 
2 
= 
rod Co 
=115V 
Ge a ee 1 a a 
a 
| 4 10 40 100 400 1000 
t — Elapsed Time — ps Ayp—Closed-Loop Amplification 
FIGURE 21 FIGURE 22 
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


2.0 1.5 
[Veer =#9V wtI5V | | | . ‘ 


Normatized Frequency Characteristics 
Normalized Frequency Characteristics 


oo oo oO 900 - - -F =- = 





0 
“75 -50 -25 O 25 $0 75 100) 125 
Ty, — Free-Air Temperature — °C \Vccs!-Supply Voltage—V 
FIGURE 23 FIGURE 24 
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LINEAR 
INTEGRATED CIRCUITS 


TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


BULLETIN NO, DL-S 7611363, NOVEMBER 1970—REVISED JUNE 1976 





FORMERLY SN52741, SN72741 


e Short-Circuit Protection @ 
e Offset-Voltage Null Capability e 
e Large Common-Mode and e 


Differential Voltage Ranges 


description 


The uA741 is a general-purpose operational amplifier, 
featuring offset-voltage null capability. 


The high common-mode input voltage range and the 
absence of latch-up make the amplifier ideal for 
voltage-follower applications. The device is short-cir- 
cuit protected and the internal frequency compensa- 
tion ensures stability without external components. A 
low-value potentiometer may be connected between 
the offset null inputs to null out the offset voltage as 
shown in Figure 2. 


The uA741M is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the uA741C is characterized for operation from O°C 
to 70°C. 


terminal assignments 


JG OR P DUAL-IN-LINE 
PACKAGE 
(TOP VIEW) 


JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


OFFSET 
OUT. NULL 
Put N2 





Vcc 


NC OFFSET INV 
NULL 


NON. 
INPUT INV 


Vec- OFFSET INV 


NULL INPUT 


NON. Vec- 
INV 
INPUT 


NI INPUT NI 


NC—No internal connection 


No Frequency Compensation Required 
Low Power Consumption 


No Latch-up 


schematic 


INVERTING 
INPUT - ‘ 
o Voce 


NON 
VERTING a 
INPUT 


0 OUTPUT 


OFFSET 
NULL 0 
N?2 
OFFSET 
NULL o 
N1 


© Vec- 





COMPONENT VALUES SHOWN ARE NOMINAL 


U FLAT PACKAGE 
(TOP VIEW) 


L PLUG-IN PACKAGE 
(TOP VIEW) 


OFFSET 


Vecs OUTPUT NULL Nc 


®@@® ® 


OFFSET 


nc NC nc 
NULL 
N1 
+ 


NON- 
INV 
INPUT 
Vec- 


PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


agi fur aIC | 
SeveeeVenteitd a ee 

Supply voltage Vcc_ (see Note 1) | = -22 «| -18) | OV 
input voltage either input, see Notes fends) ———SSSSSSSSOSOSSid ts 


V 
Voltage between either offset null terminal (N1/N2) and Voc_ 
Duration of output short-circuit (see Note 4) | untimited | unlimited | | 


Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) | 500 


Operating free-air temperature range I-55 t0 125} Oto70 | °C 


Storage temperature range 


Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package | 300 | 


























Lead temperature 1/16 inch from case for 10 seconds N or P package 


NOTES: 1. Ali voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc} and Vcoc_. 
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA741M only, the unlimited duration of the short- 
circult applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 





QN 


electrical characteristics at specified free-air temperature, VCC+ = 15 V, VoC— = —15 V 


ATAIN 
PARAMETER TEST CONDITIONSt : 




























MIN TYP MAX MIN TYP MAX 
. anes tah setae SOG oe srs We ee Ol 
nput Offset volta m 
ee : = : Fullrange {| 
fase SCS~t = 20200 
lo Input offset current 
[Fullrange | 0D | 800 
| 80 __500 80500 
lip Input bias current nA 
Fullrange | 500 | 800 
7 rea ; #12 413 #12. #13 7 
npu age ran 
! ih sec glial Pruirange [12 Cid SCS 
p= tonn fac | 2 2 —~«dYCiae 
Maximum peak-to-peak RL >t0k2| Fultrange | 24 0 
Vopp ; 3 Vv 
output voltage swing Ru=2ka [asc {| 200 26 | 2G 
AL>2kn | Fullrange | 20. 


Large-signal differential RL>2k2, [25°C | 50 200,“ ss | 20200 
AvbD ae V/mV 
voltage amplification Vo =210V | Fullrange | 25 15 
; Vo = OV, Z 
To Output resistance 25 C 75 75 2 
See Note 6 
Cj Input capacitance RR Eo © 


ae 
CMRR Common-mods rejection ratio | Rg < 10k2 
Full range | __70 | 7 


70 
AVID/AV Supply voltage sensitivit Re < 10kQ2 25" | 80150 VIV 
ivi psc | 80150 
i moons : : : Full range ee ne . 


flog Shorveireuit ourputcurent | ——idpase—«d|SSSCtiSaa | SCO mA 
Notinat__[Foltempe [aay 
Nosigret _[Fullrange | to | St) 


Tall characteristics are specified under open-loop operation. Full range for uA741M is —55°C to 125°C and for uA741C is O°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 
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TYPES uA741M, uA741C 
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operating characteristics, Vcc+ = 15 V, Voc— = —15 V, Ta = 25°C 


uA741M uA741C 
PARAMETER TEST CONDITIONS 


UNIT 
MAX MIN YP MAX 


Vi; =10V, R_ =2k2, 
Slew rate at unity gain é 
Ci = 100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 






















VI 


OUTPUT 





INPUT VOLTAGE 
WAVEFORM 


CL = 100 pF RL #2k2 


TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 





FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES uA741M, uA741C 


GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





INPUT OFFSET CURRENT 
VS 


FREE-AIR TEMPERATURE 


fal ee op I Eeeeatey 


Vec~ = -15V 


100 








80 


60 


')Q—Input Offset Current—rA 


-60 -40 -20 0 20 40 60 80 100 120 140 
Ta—Free-Air Temperature—°C 


FIGURE 3 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 


VS 
FREQUENCY 


SUM Uf 
SUM LL 
Hi 


Vopp—Maximum Peak-to-Peak Output Volt 





f—Frequency—Hz 
FIGURE 6 
COMMON-MODE REJECTION RATIO 
vs 


FREQUENCY 


CMRR—Common-Mode Rejection Ratio—d8 





1 40 100 tk 10k 100k 1M 10M 100M 


f—Frequency—Hz 


FIGURE 9 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 
VS 


FREE-AIR TEMPERATURE 


Pa ae adl Vec+= 15 V 









1)g—Input Bias Current—nA 


0 
-60 -40 -20 0 20 40 60 80 100 120 140 


Ta —Free-Air Temperature—"C 


FIGUER 4 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL 


VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


AL =2k2 


Ayo —Differential Voltage Amplification—V/mV 


14 16 18 2 


ees | —Supply Volrage—V 
FIGURE 7 
OUTPUT VOLTAGE 
VS 


ELAPSED TIME 


Vo—Output Voltage —-mV 


FIGURE 10 


gg 
SERRE a 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 


LOAD RESISTANCE 





Vope—Maximum Peak-to-Peak Output Voltage—V 





0.1 0.2 0.4 O07 1 2 4 7 10 


Ry —Load Resistance—kN 


FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 


FREQUENCY 





Avp—Differential Voltage Amplification 





f-Frequency—Hz 


FIGURE 8 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


20 30 40 #50 #60 70 80 930 
t—Time—us 


FIGURE 11 
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BULLETIN NO. DL-S 7611446, FEBRUARY 1971—REVISED JUNE 1976 


TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE 
OPERATIONAL AMPLIFIERS 





FORMERLY SN52747, SN72747 


e Wide Common-Mode and 
Differential Voltage Ranges 


e No frequency Compensation Required 
e Low Power Consumption 
e Short-Circuit Protection 


e Offset-Voltage Null Capability 


description 


The uA747 is a dual general-purpose operational 
amplifier featuring offset-voltage null capability. Each 
half is electrically similar to uA741. 


The high common-mode input voltage range and the 
absence of latch-up make this amplifier ideal for 
voltage-follower applications. The device is short- 
circuit protected and the internal frequency compen- 
sation ensures stability without external components. 
A low-value potentiometer may be connected be- 
tween the offset null inputs to null out the offset 
voltage as shown in Figure 2. 


The uA747M is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the uA747C is characterized for operation from 0°C 
to 70°C. 


schematic (each amplifier) 


INVERTING 
INPUT ‘ 


NON- 
INVERTING 
INPUT 


OFFSET 
NULL 
N1 


OFFSET 
NULL 
N2 


Component values shown are nominal. 





e No Latch-up 
e Designed to be Interchangeable with 
Fairchild uA747 and pA747C 


JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) 


AMPLIFIER NO 1 AMPLIFIER NO 2 


OFFSET 
2 NULL 
Vcc+ ouTPuT NC OUTPUT YCC+ 2Nt 


INVERT NONIN OFFSET VCC OFFSET NONIN INVERT 
ING VEATING NULL NULL VERTING ING 
INPUT INPUT = -IN2 2N2_— INPUT INPUT 


AMPLIFIER NO 1 AMPLIFIER NO 2 





NC—No internal connection 
L PLUG-IN 
PACKAGE (TOP VIEW) 


AMPLIFIER 


AMPLIFIER 
NO. 1 NO. 2 


OUTPUT 


Vcc— 


TO OTHER 
AMPLIFIER 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
uA747M uA747C_ | UNIT 
Supply voltage Vec+ {see Note 1) | 22—Cid| tt 
Supply voltage Vcc_— (see Note 1) | 22 {18 
6 



















Differential input voltage (see Note 2) 


Input voltage any input (see Notes 1 and 3) 










—22 
+30 £ 
Voltage between any offset null terminal (N1/N2) and Vcc 
unlimited 
: 
J, N, or W package 8 
625 
300 
0 








Duration of output short-circuit (see Note 4) 









Each amplifier 





Continuous total dissipation at (or below) 25°C 





free-air temperature (see Note 5) 










=55 to 125 





Operating free-air temperature range 


Storage temperature range —65to 150 |-65to150| ° 
Lead temperature 1/16 inch from case for 60 seconds J, L, or W package | 300 | 300 | 
Lead temperature 1/16 inch from case for 10 seconds N package | 260 | 260 | °C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference tevel is the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Curves, Section 2, 


electrical characteristics at specified free-air temperature, VCCc+ = 15 V, Vecc— =—15 V 


uA747M uA747C 
PARAMETER TEST CONDITIONS?t 
| Min Typ = MAX | MIN TYP MAX 

25°C 
Vio Input offset voltage Rs < 

Full range 
1 
I 





30 
00 
00 mw 
Tota! package 
packase [Upackase «| == —=«:~=C« 
300 


























NIT 


= 
a. 
i. 


- 
(7) 
x 
~ 





eae eee s 

AViO(adj) Offset voltage adjust range 25°C aa: Cae m 
25°C 
‘ p 1500 


Input bias current 
V; Input voltage range 


Maximum peak-to-peak 






Full range 
25°C 
Full range 00 







No 
° 
?) 


Fullrange [22S 


YP 
1 
15 
20 
80 
13 
Rp =10kQ2} 25°C 28 
26 
2 
75 
9 
30 
25 
7 








+ 
+ 
RL>10k2| Fullrange | 24 
2 


i Large-signal differential RL >2kQ2,] 25°C 

ba voltage amplification Vo =210V | Full range 
i 
o 


V 
OPP output voltage swing 





VimvV 


oO 
Ww 


E 
re) 


aes 
5 
See Note 6 


25°C 


NO 
oO 
OQ 


Output resistance 


a 


7.5 " 
+15 V 
20 200 
300 ‘i 
80 500 
800 
+12 +13 
+12 ‘J 
24 28 
24 
20 26 
20 
25 200 
0.3 2 
75 
F 
70 90 
70 
30 
$25 +40 
1.7 2.8 


n 
p 


C; Input capacitance 


LCIIAKA COMMGA-MG6GE| FEJECTION Fatis 
Full range 


T 

£ 
12 
12 
24 
24 
0 
0 
5 
70 





0 








=0 
7) 
AN 
ay 
ro) 
$2 
~] 
| : 
a 
be) 


= 
o 
x 


AVi9/AVcc Supply voltage sensitivity Rs < Q 
a 
C 


—_ 
oO 
(o) 


CC 
MAX 
5 
20 
500 
15 
150 
+40 
2.8 
m 
3.3 


Ww 
ie) 


tr 
= 
< 


S r 
: (cach amplifier No signal _[Fullrange | —SS—i YP CSC~“~*~‘CSC 
Power dissipation No load, 25°C . 
Pp ee P mw 


t All characteristics are specified under open-loop operation. Full range for uA747M is —55 C to 125°C and for uA747C is 0 C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





Operating characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 


uA747M uA747C 
PARAMETER TEST CONDITIONS UNIT 
YP MAX MIN TYP MAX 
pte Risetime 3 
5% 


MIN T 
5 


5 
: V,=10V, Rp =2kQ, 
SR Slew rate at unity gain ; 0 Vius 
C; =100 pF, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 





























vI 
OUTPUT 
INPUT 
———-0V 
INPUT VOLTAGE 
WAVEFORM 
Ci = 100 pF RL=2k2 
TEST CIRCUIT 
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
TYPICAL APPLICATION DATA 
FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT 
[76 135 
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TYPES uA/47M, uA74/7C 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





INPUT OFFSET CURRENT 
vs 


FREE-AIR TEMPERATURE 


ho —input Offert Current—nA 





-60 -40 -20 0 2 40 60 80 100 120 140 


Ta -Free-Air Temperature—C 


FIGURE 3 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
FREQUENCY 


AM LIM Tce. 18 : 
AI TM TT RSs xa” 
Mas 85, 


il 
| 
CH THR Ht 
SiH pe oe 
ll 
tl 









goa 8 
ie 







3 


GC ee mes Sa 


w 
> 


MT LI NUIT CTT 
ttt Ut 
CUT ETT NTN TUT 
OL 
CTO 


Vk 10k 100k 1M 


-_ 


—- 9 > t.] Le) a 


Vope—Maximum Peek-to-Peak Output Vottage—V 
3 


f=F requency—Hz 
FIGURE 6 
COMMON-MODE REJECTION RATIO 
vs 


FREQUENCY 


8 


CMRR—Common-Mode Rejection Fistio—dB 
3 8 8 $ $ BS 8 8 





1 10 100 tk 10k 100k 1M 10M 100M 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 
vs 


FREE-AIR TEMPERATURE 


Hf tee 









Veco-2 -16 V 


ies 
PAE Teall olla) 
ENE fae ioe 


11g—Input Bias Current—nA 


Ta—Free-Air Temperature—C 


FIGURE 4 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
VS 
SUPPLY VOLTAGE 








a3 pa 





8 10 12 14 «16 


Ayp— Differential Voltage Amplification—V/mV 


ee | -Suppty Voitage—V 


Vopp—Maximum Peek-to-Peek Output Voltege—V 


Avo -Cifferential Voltage Amplification 





MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 
LOAD RESISTANCE 


0.1 0.2 04 O07 1 2 4 7? 


= 
oO 


Ry —Load Resistance~ki) 
FIGURE 5 


OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 


FREQUENCY 





1 10 100 Ik Wk 100% 1M 10M 100M 


*—F requency—Hz 


FIGURE 7 FIGURE 8 
OUTPUT VOLTAGE 
vs VOLTAGE-FOLLOWER 
ELAPSED TIME Baia hel SIGNAL PULSE RESPONSE 


— 
Ln) 


Vo—Output Voltage —mV 
c) 


> 





Input and Output Vottages--\/ 





o0 10 20 DW 0 8S 60 70 8 90 





f-F requency—Hz t—Time—us t-Time—ys 
FIGURE 9 FIGURE 10 FIGURE 11 
PRINTED IN U.S.A. 
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TYPES uA748M, uA748C 
LINEAR GENERAL-PURPOSE 
INTEGRATED CIRCUITS OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7611418, DECEMBER 1970—REVISED JUNE 1976 






| FORMERLY SN52748, SN72748 
@ Frequency and Transient Response Characteristics Adjustable 


@ Short-Circuit Protection e Low Power Consumption 
e Offset-Voltage Null Capability e No Latch-up 
e Wide Common-Mode and @ Same Pin Assignments as uA709 


Differential Voltage Ranges 


description schematic 
The uA748 is a general-purpose operational amplifier. 

It offers the same advantages and desirable features as 

the uA741 with the exception of internal compensa- 

tion. The external compensation of the uA748 allows 

the changing of the frequency response (when the 
closed-loop gain is greater than unity) for applications 

requiring wider bandwidth or higher slew rate. This cee 
circuit features high gain, large differential and REarenentita 
common-mode input voltage range, output short- — 
circuit protection, and may be compensated under 

unity-gain conditions with a single 30-pF capacitor. 

A potentiometer may be connected between the wut 
offset null inputs, as shown in Figure 12, to null 

out the offset voltage. 


COMPENSATION 





OFFSET NULL/ 
The uA748M is characterized for operation over the om 
full military temperature range of —55°C to 125°C; 
the uA748C is characterized for operation from 0°C Resistor values shown are nominal and In ohms. 


to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


OFFSET OFFSET 
OUT- NULL Voc: ourPput 
COMP) Vcc PUT (N2) 
OFFSET 
NULL/COMP 
(NT 


NON- OFFSET 
INV NULL 
INPUT (N2) 
Vcc- 


Pe ey hea ae ne OFFSET INV NON= Vcc PIN 41S IN ELECTRICAL 


cour he saeghaaaiaa ante CONTACT WITH THE CASE 


(NTS a 





NC—No internal connection 
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TYPES uA/48M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA748M uA748C UNIT 
Supply voltage Vcc+ (see Note 1) 22 18 


Supply voltage Vcc_ {see Note 1) —22 | -18 | OV 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Voltage between either offset null terminal (N1/N2) and Voc— 
Duration of output short-circuit (see Note 4) aa 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) | 500 =| 500 | mw | 
Operating free-air temperature range 
Storage temperature range 
Lead temperature 1/16 inch from case for 60 seconds 
Lead temperature 1/16 inch from case for 10 seconds | NorPpackage | 260 | 260 | °c | 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vcc. and Vcc_. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 
4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 














< 







3 





electrical characteristics at specified free-air temperature, VCC+ = 15 V, VCC— =—15 V, Cc = 30 pF 


PARAMETER TEST CONDITIONST 
Input offset volt Re < 10 kQ 25°C 
npu V 

0 Sun tibiitieks S Full range 


uA748M 
MIN TYP 


uA748C 
MIN TYP 






UNIT 


= 
> 
x 
= 
> 
x 





3 


V 
25°C 


I 
Input offset current 
fio __tmputotntcurent =| Full range 
25°C 
lip Input bias current 
a 














ol ow Pa 
ih 


+ 
NO 
+ 
_ 
OO 

ie) 

Oo 

i) 


N 
oO 
I+ $I 
ae 
ND 
I 


25°C 
V Input voltage range 


Full range 
25°C 
Maximum peak-to-peak 


Ry = 10k2 
RL > 10k2 
RL=2k2 | 25°C 20 


RL 2 2k2 


RL =2k2, | 25°C 
voltage amplification Vo =+10V | Full range 


Input resistance 25°C 


tj i 
: Vo =OV, : 
lo Output resistance 25.C 
See Note 6 
C; {nput capacitance 


CMRR Common-mode rejection ratio | Rg < 10 k2 


25°C 
AVi9/AVcc Supply voltage sensitivity Rs < 10 k2 


No load, 25°C 
No signal Full range 


tall characteristics are specified under open-loop operation. Full range for uA748M is —55°C to 125°C and for uA748C is O°C to 70°C. 
NOTE 6: This typical! value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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Large-signal differential 
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TYPES uA/48M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





Operating characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 


uA748M uA748C 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP 
C; = 100 oF, Cc = 30 oF, 
Overshoot factor See Figure 1 


V;=10V, Ry, =2kQ, 
SR Slew rate at unity gain CL=100pF, Cc=30pF, 
VI 
i INPUT (OF 


See Figure 1 
INPUT VOLTAGE Cc = 30 pF = 
WAVEFORM TEST CIRCUIT 


FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
































TYPICAL CHARACTERISTICS 
INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT 4 
vs FREE-AIR TEMPERATURE vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE 
100 28 oe 
fs ae Se jie Recesamne ae a 
AE Bal atti 
i $ ; 
Be eel else Hewitt é Baill 
; meal 
bc ms 
io Con 
: coh 
eee SS j ott 
| 
Uikicon- “Sac Aan & 
stile ses Nees) Seay si) 2 ZA Ee SE 
-60 -40 -20 0 20 40 60 80 100 120 140 ~60 -40 -20 0 20 40 60 ia 100 120 140 0.1 02 04 07 1 2 4 7 10 
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C RL —Load Resistance—k2 
FIGURE 2 FIGURE 3 FIGURE 4 
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 
MA X!IMUM PEAK-TO-PEAK OUTPUT DIFFERENTIAL VOLTAGE DIFFERENTIAL VOLTAGE 
VOLTAGE vs FREQUENCY AMPLIFICATION vs SUPPLY VOLTAGE AMPLIFICATION vs FREQUENCY 


400 





mi ; 
UL Aen 
B00 
CHC FN 
CCC CST ERE 


100 1k 10k 100 k 1M 9 : ° . 8 ay 1 10 100 1k %t0k 100k tM 10M 100M 
Voc: | -Supply Voltage—V 


Ayp Differential Voltage Amplification—V/mV 
Ayp—Differential Voltage Amplification 


Vopp—Maximum Peak-to-Peak Output Voltage—V 





f—Frequency—Hz f—Frequency—H2z 


FIGURE 5 FIGURE 6 FIGURE 7 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE 


vs vs VOLTAGE-FOLLOWER 
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE 


Vec+® 15 V 
-Voco-= -15V 
=2k2 
= 100 pF 
= 30 pF 


CMRR-—Common-Mode Rejection Ratio—-d8 
Vo—Output Voltage — mV 
Input and Output Voltages—V 





1 10 100 1k 10k 100k 1M 10M 100M Oo 10 20 30 40 50 60 70 80 90 
f—F requency—Hz t-Time-us t-Time—us 


FIGURE 8 FIGURE 9 FIGURE 10 
TYPICAL APPLICATION DATA 





rj = 400 MX, fp < 12, 
Cj = 1 pF, BW = 1 MHz 


FIGURE 11—-UNITY-GAIN VOLTAGE FOLLOWER 








Vo R2 
Vv R1 
R1°30 pF 
AL? Cc 2 
2 ki R1+R2 
R1*R2 
R3 = 
R1+R2 





FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR TYPES uA777M, uA/777C 
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


BULLETIN NO. DL-S 7612037, SEPTEMBER 1973—REVISED JUNE 1976 





FORMERLY SN52777, SN72777 
e Low Input Currents 
e Low Input Offset Parameters 


e Frequency and Transient Response © No Latch-Up 
Characteristics Adjustable @ Wide Common-Mode and 
Differential Voltage Ranges 


aa i i ,uA709, 
e Offset-Voltage Null Capability 7 ae cate nts as uA748, uA709 


e Short-Circuit Protection 


description 


The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in 
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers. 
This device is an excellent choice where a performance between that of super-beta and general purpose operational 
amplifiers is required. 


External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy 
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input 
voltage range, output short-circuit protection, and null capability. 


The uA777M is characterized for operation over the full military range of —55°C to 125°C; the uA777C is 
characterized for operation from O°C to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 





OFFSET 
OUT. NULL 
NC COMP Vcc+ PUT (N2) 


OFFSET 
OUT- NULL 
COMP Vcc+ PUT {(N2) 


OFFSET INV) NON- Vec_ ET NON- 
NULL/ INPUT INV PIN 4 1S IN ELECTRICAL bs ULE! INPUT INV 


Ne Lie cine 2 oe cone INPUT CONTACT WITH THE CASE con INPUT 


OMP 
(N1) 





NC—No internal connection 


schematic 


COMPENSATION 


INVERTING 
INPUT 
NONINVERTING 
INPUT 


OFFSET 
NULL 
(N2} 





OFFSET NULL/ 
COMP 
IN1) 


Resistor values shown are nominal and in ohms. 
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TYPES uA777M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


BC 
v 
00 

260 












[Continuous total dissipation at (or below) 25°C free-air temperature (seo Nowes)———~—~S~dtCSC*O Y= 
[Storage temperature range SSSCSCSCSCSCSCSSSCSSCSCSCSCSCS~*S C8820 150] 65 to 150 


2 

£3 
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 
Lead temperature 1/16 inch from case for 10 seconds N or P package | 260 =| = 260 i*F 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the 
zero-reference level is the midpoint between Vcc 4 and Vcc_. If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4, The output may be shorted to ground or either power supply. For the uA777M only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 








i : z “| |<<l44(<{8 


electrical characteristics at specified free-air temperature, Vcc+ = 15 V, VcCc— = —15 V, Cc = 30 pF 
(unless otherwise noted) 













MIN, TYP _MAX 
lw 
siies Average temperature coefficient peng 25 15 

of input offset voltage 
: 0 


m 
nA 
nA 
2 
pF 
A 


ho Input offset current 







Average temperature coefficient 


— 
Oo 


lip Input bias current ae 
| Poleeeacdl 


V Input voltage range 


= 
c 
~y. 
0 
a 
a 
© 
~ 
ol 
+ 
as 
nN 


NO of input offset current 
Full range | +12 +13 - 


V 
Q 


Jone Maximum peak-to-peak 
output voltage swing RL =2kQ2 20 26 
voltage amplification RL 2=2k2 fFullrange | 25 | 15 si 
Ti tput resistance ———SSSSCSC~iCSC‘“‘“‘CSCC*ir]:SC*SCS CYC Cd 
fo Outputresistance ——SC~iTSCSC~‘~iO~C*GSC‘“‘C‘T['™C'’=SC“‘#)SN#COOCC#*ds;‘CA 
PG Input capacitance ————S«dY—SCCSSC~iwC dP CC*dSCC“‘“‘(CSC}(Cd OF 


P 
7 
7 
5 
0 
5 


CMRR Common-mode rejection ratio Rg = 50k | Full range 89 85 
AVcc/AVio Supply voltage rejection ratio Rs < 50k2 13 100 
los Short-circuit output current eee = | +25 


wd 
7 


T All characteristics are specified under open-loop operation. Full range (MIN to MAX) for uA777M is —55°C to 125°C and for uA777C is O°C 
to 70°C, 


+ 


3 

2 
60 
30 
10 
20 
3 


4 
20 
2 
13 
28 
26 
5 
2 
3 
9 
25 
9 








5 
0 
0 
0 
0 
0 
0 
3 


Supply current ; 
No signal 


—_ 
w | oo |} ¢ 
w | oo 
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TYPES uA777M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





operating characteristics, Vcc+ = 15 V, Vcc— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS eA mall iis UNIT 
RL =2ko, 
cL=100pF[Av=10. Co=35eF] 0.2 | 
RE=2kQ, 
fe) ay 


Ru=aen, [Ayer Gaxseer | oe as 
SR Slewrrate e - caine vis 
cy = 100 pF [Ay=10, Co=3SpF | 58 


PARAMETER MEASUREMENT INFORMATION 


















ty Rise time 


















Overshoot factor 








\ 
OUTPUT 


INPUT 


C. = 100 pF 





INPUT VOLTAGE Cc 
WAVEFORM TEST CIRCUIT 


FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE 
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TYPES uA777M, wA77IC 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 





TYPICAL CHARACTERISTICS 


PULSE RESPONSE WITH 
FEED-FORWARD COMPENSATION 


10 kQ 


Voc+ = 15 V 
Vcc—=-15V 
Ay =1 

Cy = 10 pF 






INPUT 
OUTPUT 


Cc =5 pF 
Ta = 25°C 
See Figure 3 


150 pF Cc=5 pF 


Vo—Output Voltage—V V j—Input Voltage—V 





t—Time—ps 
FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN 
FIGURE 2 AND FEED-FORWARD COMPENSATION 





TYPICAL APPLICATION DATA 


R2 





Vo _ R2 
Vy R1 
R1°30 pF 
C2 
R1+R2 
R1°R2 
R3 = 
R1i+R2 





FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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VOLTAGE COMPARATOR SELECTION GUIDE 





DIFFERENTIAL COMPARATORS 


—55°C to 125°C operating temperature range 
Input Input Input Low-Level Power Supplies 
Voltage Response . 
Offset Offset Bias ie Output : Required 
Amplification Time 
Voltage | Current | Current Current Vec+ Vcc— 
MIN MAX NOM NOM 
a (mA) (ns) (Vv) (Vv) 
40 
(Typ) 
40 
0 12 
(Typ) 
5 10.000 Improved 
; TL710M 
40,000 
(Typ) 
200,000 
(Typ) 
5 10,000 Strobe 
25 


200,000 Vcc range 
(Typ) 2V to36V 


2 
2 
2 


Dual 
7 10,000 
TL810M 
40,000 Dual 
(Typ) LM106 
10,000 


Dual 


TL510M 
Strobes 
Improved 
uA711M 
200,000 Vcc range 
(Typ) 2V to36V 





t Capable of operating with a single 5-volt’supply. 


—40°C to 85°C operating temperature range 





Input Input Input Low-Level Power Supplies 
: Voltage Response 
Offset Offset Bias ia Output Required 
DEVICE Amplification Time 
TYPE Voltage Current Current Current Vec+ Vcc— 
MAX MAX MAX MIN MIN MAX NOM NOM 
(mV) (uA) (uA) (mA) (ns) (Vv) {v) 


Vcc range 


200,000 1300 
Dual LM2903 7 —0.25 6 
: | twas | 7 | 005 | 025 | (Typ) (Typ) ps fo | 2 V t0 36 V 
200,000 1300 Voc range 
LM2901 7 ~0.25 
fous | waver | 7 | 005 | ~025 | (Typ) ; (Typ) Ps fo ZV.ten6 
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DIFFERENTIAL COMPARATORS 


—25°C to 85°C operating temperature range 


Input Input Input Low-Level Power Supplies 
: Voltage Response : 
Offset Offset Bias foe: Output i Required 
Amplification 


Voltage Current Current Current 
MIN pa 


(mA) 
1300 Vcc range 
(Typ) 2V to 36V 
1300 Vcc range 
(Typ) 2V to 36V 


Low-Level Power | 
: Voltage Response 
Offset Bias eae, Output . | 
Amplification Time 
Current | Current Current Vcc+ | Vcc— 


ee MAX MIN fae MAX pe NOM 
(uA) (ns) 


——__ 
TL710C 


: : 
,000 
LM306 7.5 Bee 16 Strobe 
(Typ) rye 
200,000 
LM311t 0.07 Strobe 
pumertt | 10 | oor | os (Typ) aa: rae Exn 8.3 


8000 | o5 | 80 | | Strobe | 
rps ee 
2V to 36V 

Dual 
pet | ne 


| 45 | 75 | 30 | 
ee ttar 
Trae] fs fo 
poe Pose 


Dual 
TL810C 


TL514C 

# uA711C 
Channel 

TL811C 


Tt Capable of operating with a single 5-volt supply. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 





Input Offset Voltage (Vio) 
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 


Average Temperature Coefficient of Input Offset Voltage (ayio) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


Wio @ Tai) = io @ Ta(2)) 


le TA(1) = TA(2) 


where TA(1) and TA(2) are the specified temperature extremes. 


Input Offset Current (1jQ) 
The difference between the currents into the two input terminals with the output at the specified level. 
Average Temperature Coefficient of Input Offset Current (a1;0) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


_ "Io @ TaA(1)) — (Ho @ TA(2)) 


a 
um TA(1) — TA(2) 


where T A(1) and TA(2) are the specified temperature extremes. 


Input Bias Current (1}B) 
The average of the currents into the two input terminals with the output at the specified level. 
High-Level Strobe Current (IjH(s)) 
The current flowing into or out of* the strobe at a high-level voltage. 
Low-Level Strobe Current (1j_(s)) 
The current flowing out of* the strobe at a low-level voltage. 
High-Level Strobe Voltage (V|}(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the 
operation of the comparator. 


Low-Level Strobe Voltage (V{L(s)) 


For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low, 
as specified, independently of the differential inputs. 


Input Voltage Range (Vj) 
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 


*Current out of a terminal is given as a negative value. 
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Common-Mode Input Voltage (Vic) 
The average of the two input voltages. 
Common-Mode Input Voltage Range (VicR) 
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 
Differential Input Voltage (Vip) 
The voltage at the noninverting input with respect to the inverting input. 
Differential Input Voltage Range (Vjp) 


The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 


Differential Voltage Amplification (Ayp) 


The ratio of the change in output voltage to the change in differential input voltage producing it with the 
common-mode input voltage held constant. 


High-Level Output Voltage (Voy) 


The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 


Low-Level Output Voltage (Vo) 





The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 


High-Level Output Current, (oH) 


The current into” an output with input conditions applied that according to.the product specification will establish a 
high level at the output. 


Low-Level Output Current, (Io) 


The current into” an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Output Resistance (rg) 
The resistance between an output terminal and ground. 
Common-Mode Rejection Ratio (kcmR, CMRR) 
The ratio of differential voltage amplification to common-mode voltage amplification. 


NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in 
input offset voltage. 


*Current out of a terminal is given as a negative value. 
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Supply Current (Icc+, Icc—) 


The current into” the Voc+ or Vcc— terminal of an integrated circuit. 


Total Power Dissipation (Pp) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pp = Vcc+* Icc+ + Vec~—° Iec—-. 


Response Time 


The interval between the application of an input step function and the time when the output crosses the logic threshold 
voltage. 


NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 
case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required to 
bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. 


Strobe Release Time 


The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its 
active logic level to its inactive logic level. 


*Current out of a terminal is given as a negative value, 
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LINEAR TYPES LM106, LM206, LM306 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBES 


BULLETIN NO. DL-S 7611586, JANUARY 1972~REVISED JUNE 1976 


FORMERLY SN52106, SN72306 





e Fast Response Times e Strobe Capability 
e Improved Gain and Accuracy e Short-Circuit and Surge Protection 
e Fan-Out to 10 Series 54/74 TTL Loads e Designed to be interchangeable with National 


Semiconductor LM106, LM206, and LM306 
description 


The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance output 
with high-sink-current capability (100 mA), and two strobe inputs. These devices detect low-level analog or digital 


signals and can drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is 
provided, 


The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high 
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is 
controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 


The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is 
characterized for operation from —25°C to 85 C, and the LM306 from 0°C to 70°C. 


terminal assignments 
JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 








STROBE 
OUT- 
Vcc+ PUT 






2 





1 











NC Vec+ PUT STROBE 2 


®©®@XOO® 










wc GNO 





NON- 





INV 
(NV INPUT 
INPUT 





GNO NON. INV Vec_ 
INV INPUT 
INPUT 









NC GNO-~ NON. INV NC Vec-— STROBE 1 






PIN4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 







NC—No internal connection 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) . 2... 1 ww ee ee ee ee ee ee ee ee ee ee we ew) TEV 
Supply voltage Vcc— (see Note 1) 2... 1 ww eee ek ee ee ee ek ee ee eee ee ek! 6 TEV 
Differential input voltage (see Note 2) , gS aera, a We Sees ae Gee Ye ROR See eat Be a ee. SE 
Input voltage (either input, see Notes 1 and 3) be. thee. fen Sige Yak wd Se oe Ee ly 2s ae Oe ek te Sy ten te o.  2eV 
Strobe voltage range (see Note 1). wf ww kk ee ee ke ek ee ke 0 V to Vcc+ 
Output voltage (see Note 1) se oy fe. RL we se he nal Ge = ie oie oe oe ae Ue ee a ew ce ee an en Be 
Voltage from output to Vcc— Si ha, ee I ae, eee ae cee Yao ec ore A ci pe ee gs BOG te dys SOL 
Duration of output short-circuit (see Note 4) — Ge! Dia" oP hs as: See ae GE 10s 
Continuous total power dissipation at (or below) 25- °C free-a -air temperature (see Note 5) SS cay ts aires . . 600 mW 
Operating free-air temperature range: LM106 Circuits ......... 6 6. 6 we ee ee 55° C to 125° C 
LM206 Circuits .... 2... eee ee ee es) 625°C to 85°C 

LM306 Circuits 2... 0.0... eee eee ee ee) OPC to 70°C 

Storage temperature range . . se ee ew we es » —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J, JG, L or -U package Se Setgiias Be ee yh et ols ee a Oe 
Lead temperature 1/16 inch from case for 10 seconds: N or P package ........ 2... 2 ees « 260°C 
NOTES: 1. Atl voltage values, except differential voltages and the vo!tage from the output to VCC~_—, are with respect to the network ground 

terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
4. The qutput may be shorted to ground or either power supply. 
5 


. For operation above 25°C free-air temperature, refer to Dissipation Curves, Section 2. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VCcC— = —3 V to —12 V (unless 
otherwise noted) 












3 
< 


Cc 






See Note 6 


Full range 





1 


= 
olan 
= 





NO 
<S 













nALC 


or 


3 
0 
3 
7 
3 
5 
5 
0 


TT 


LM306 
dialer oa MIN TYP MAX 
25°C 1.68 
Me er Fullrange [SSS 
Average temperature 
ayiQ coefficient of input 5 20|uv/°c 
offset voltage 
25°C 
lio Input offset current See Note 6 MIN a ae 
MAX o5 
Average temperature MIN to 25°C 100 
offset current 25°C to MAX 15 
l1L(S) | Low-level strobe current ull range —1,78—3.2 
ViH(S) Highlevel strobe voltage [ = ~~ | Full range : 
ViL(s) Low-level strobe voltage ull range 


n 


NO 
NO 
NO 
ol © 


+5 
+5 


Common-mode input 7 








3 
78 
2 
4 
5 
5 
78 
8s 


Vv Differential input Full 
ID voltage range pili 
Large-signal differential No load, ° § 
High-level 2.5 55] 
Vv —— 
OH output voltage fOr = = AGO Vip=8mV | Fullrange | ~*«&| «2.5 5.5 
Vip=—-Smv[ 25°C 88 ST 
One: peenmvle@re ff Oe 
Lowevel Vip ==Smv| Fulrrange [SY 
lo =50mA 
| = 
OL TOMA [Wip==Smv] Fullrange pS SSCS 
MIN to 25°C 0.028 if 
Vip=smvy LMIN to 25°C | 
High-level Z vio Sv 25CtoMAX] 00] 
|OH output current MOU amen Vip =7mvV MIN to 25°C Poh, ee 0.028 2 
Vip=8mv_ [ 25°CtoMAX] «100 
Icc+___ Supply current from Voc+] Vip = —5 mV, No load Fullrange {| GS 10| G10. 
Icc— Supply current from Vcc Full range —1.98—3.6 —1.98-3.6 





T Unless otherwise noted, all characteristics are measured with the strobe open. 
8 These typical values are at Voc; = 12 V, Voc— = -6 V, Ta = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is 
—25°C to 85°C; and for LM306 is OC to 70°C. 
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (VoL) or 
up to the high range (Vo}). Thus these parameters actually define an error band and take into account the worst-case effects of 
voitage gain and input impedance. 


switching characteristics, Vcc+ = 12 V, Vec— = —6 V, TA = 25°C 


LM106, LM206 LM306 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX]|MIN TYP MAX 


Response time, low-to-high-level output Ry = 390 NtoSV, Cy = 15pF, See Note 7 28 40 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is specified for a nominal threshold 









voltage of 1.4 V. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





schematic 






NONINVERTING O 


INPUT 
O OUTPUT 
INVERTING 
INPUT 
O GND 
Vcc— O 


Resistor values are nominal in ohms. 


TYPICAL CHARACTERISTICS 





INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec+ =12V 
Vec—=-6V 

x Vo =05Vto5V 

a { 

| = 

€ pS 

@ Cc 

= 2 

5 5 
< 3 

[sb] WI 
ra Ss 
O i 

— =) 

4 Q 

o £ 
t to 

O = 

—75 -50 -25 OO 25 50 75 100 125 —75 -50 -25 QO 25 50 75 100 125 
TA—Free-Air Temperature—C TA—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 


{Data for free-air temperatures below —25°C and above 85°C is applicable for LM106 only. 
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TYPES LM106, LM206, LM306 


DIFFERENTIAL COMPARATORS WITH STROBES 





VoH—High-Level Output Voltage—V 


Vo—Output Voltage—V 





—75 -50 -25 QO 25 50 75 


TYPICAL CHARACTERISTICS *: 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


Vec+ = 12 V 
Vcoc— =-3V to -12 V 


100 125 


TA—Free-Air Temperature—C 
FIGURE 3 


VOLTAGE TRANSFER CHARACTERISTICS 





Vip—Differential Input Voltage—mV 
FIGURE 5 


VoL—Low-Level Output Voltage—V 





1Q—Output Current—A 


LOW-LEVEL OUTPUT VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


Vec+ =12V 
Vcc— =-3 V to —12 V 
Vip =—5 mV 





—75 -50 -25 O 25 50 75 100 


Ta—Free-Air Temperature—C 
FIGURE 4 


OUTPUT CURRENT 
Vs 


DIFFERENTIAL INPUT VOLTAGE 


—-5 -4 -3 +2 -1 QO 1 2 
Vip—Differential Input Voltage—mV 
FIGURE 6 


‘fasnre ia 
cA 


Coca Corr 






t+ Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS* 


LARGE-SIGNAL DIFFERENTIAL 








VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
80 000 : 
- Vcec— =-3 V to —12 V Vec+ = V9 =12V 
g Vo =1to2V x Vec_ =-6V 
8 Res “ Vip =-5 mV 
= 60 000 2 See Note 8 
E 5 
< ~ 
& pa] 
7 = 
fz 3 
$ 40000 o 
i 2 
o Oo 
2 - 
Pra oO 
45 20000 = 
| 
la 3 
> O 
Zz is 
9) 
—75 —55 —75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C TA—Free-Air Temperature— C 
FIGURE 7 FIGURE 8 ry 
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
a8 a8 
= $ eS 
ae 2s 
= =a 
a= Vec+ =12V Oc 
Vcc-—=-6V 
5 Cy = 15 pF 
= RL = 390 Qto5V > 
4 4 TA=25C uf 
mo om 
8 = 
Ss 3 S 
S Ss 
g 2 E 
: eae Gort : 
Oo 1 Oo 
Ss‘) 7 \AN-= RT 5 
0 ees eee Sey ee) 
0 20 40 60 80 100 100 
t—Time—ns t—Time—ns 
FIGURE 9 FIGURE 10 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
NOTE 8: This parameter was measured using a single 5-ms pulse. 
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TYPICAL CHARACTERISTICS * 





SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc— 
VS VS 
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc— 
10 
Vcec— =—-3 V to —12 V a 
+ 8 | 
Q) | O 
MES=a 
Slee = 
: S - 2 
Oo 4 A ee 3 
2 Gee ; 
a 3 < L as | o 
nce 
8 tei | | g 
© 1h> 2 
i a a 
O -2 -4 -6 -8 -10 —12 —14 -—16 
Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 
vs 


FREE-AIR TEMPERATURE 


Vcc+ = 12 V 


Pp—Total Power Dissipation—mW 





—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C 


FIGURE 13 


{Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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LINEAR TYPES LM111, LM311 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBE 


BULLETIN NO. DL-S 7611797, SEPTEMBER 1973-—-REVISED JULY 1976 





FORMERLY SN52111, SN72311 
e Fast Response Times e Maximum Input Bias Current... 300nA 


e Strobe Capability e Maximum Input Offset Current...70nA 


® Designed to be Interchangeable with National e Can Operate From Single 5-V Supply 
Semiconductor LM111 and LM311 


description 


The LM111 and LM311 are single high-speed voltage comparators. These devices are designed to operate from a wide 
range of power supply voltage, including +15-volt supplies for operational amplifiers and 5-volt supplies for logic 
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of 
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads referenced to ground, Vcc+, or Vcc_—. Offset balancing and strobe 
capability are available and the outputs can be wire-OR connected. If the probe input is low, the output will be in the 
off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as 
sensitive to spurious oscillations. 


The LM111 is characterized for operation over the full military temperature range of —55°C to 125°C; the LM311 is 
characterized for operation from O°C to 70°C. 


terminal assignments 


J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


IN+ IN— Vocc— 
PIN 41S IN ELECTRICAL 
CONTACT WITH THE CASE 





NC—No internal connection 


schematic 








B Balance 
B/S Balance/Strobe 
Cc Collector Output 
E Emitter Output 
IN+ Noninverting Input 
IN— Inverting Input 
NC No [nternal Connection 
Vec+ Positive Supply Voltage 
Vec-— Negative Supply Voltage 
Resistor values shown are nominal and in ohms. 
76 
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TYPES LM11i LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


[Supply voltage, VecrtweNow)CSC“‘“CSCS*C*‘“‘CSSSSSSCOCOC~C“‘“‘SSC*#*dSOC‘éOSC“SC(atw— 
[Supply voltage, Voc eee Nowe) OSSOSCSCSCSCSC“‘“‘SC“~“s~‘“‘s‘“~S~i mt 

[Voltage from collector outputtoVeg= 8 
Duration of output short-circut (ee Nowa) St 
[Continuous total dissipation at (or below) 25°C free-air temperature ee Notes] ———~—S~S~dCSC«iOO 
°C 
[Storage temperature ranged 8510 18085 to 180] 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the 
zero-reference level is at the midpoint between Vec+ and Vcoc_. If the zero-reference level of the system is not the midpoint of 
the supply voltages, all voltage values must be adjusted accordingly. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 V, whichever is Jess. 

The output may be shorted to ground or either power supply. 

For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 


electrical characteristics at specified free-air temperature, VCC+ =+15 V (unless otherwise noted) 


LM111 LM311 
PARAMETER TEST CONDITIONSt UNIT 


MIN TYP? MAX|MIN TYP MAX 























OR YN 


Vip =5 mv, VoH =35 V 


73 
IO; NDREOM eat velo? poo meee | puinangg | — ae 
rac | 4 tol. 6 ~60) 
IB npu jas Curren Oo re] | Full range | n 
liL(s) Low-level strobe current V(strobe) = 0.3 V, Vip <—10 mv 
Vicr waMMonMOveINpUE Full range +14 +14 Vv 
voltage range 
Large-signal differential 3 
Avp tien a Vo=5Vto35V, RL =1k2 25°C 200 200 VimvV 
voltage amplification 
25°C 02. 10]  ~*'«| na | 


IOH - 


Fulange| _os{ Sw na 
Vip=tomvVon=s5v_| 2c | ~—~*«| 02 60 aa | 
lo, = 50mA 5 

Vip=-tomv[ 2c | ——S—i«diCSCiC‘i 


Low-level (collector-to-emitter) = 
VoL Vec+=45V1 vin =-6 mv | Full range 0.23 0.4 ie : 
output voltage Vec_ =0V, 


lo, =8mA Vip = -10 mV | Full range 0.23 0.4 
Supply current from V F : 
output low 
Supply current from Vcc_, . 
output high 


TUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM111 is —55°C to 125°C and for LM311 Is OC to 70°C, 
Fal typical values are at Tp = 25°C. 
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 
1V with a pull-up resistor of 7.5k2 to Voc}+. Thus these parameters actually define an error band and take into account the 
worst-case effects of voltage gain and input impedance. 


output current 
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TYPES LM111,LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 





switching characteristics, Vcc+ = 15 V, Vec— = —15 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 
Response time, low-to-high-level output 


Response time, high-to-low-level output 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical values are specified for a nominal threshold 
voltage of 1.4 V. 












TYPICAL CHARACTERISTICS 





INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
































500 
Vec+=+t15V Vec+ =+15V 
Vo=iVtol4v 450 “VgelVtol4Vv 

< See Note 8 400 See Note 8 
i = 
S I 350 
= © 
3 ha 
Oo 5 300 
= a 250 
o) a 
3 3 200 
= “ 150 
oO 
= = 100 

50 

0 
—60—-40-20 0 20 40 60 80 100 120 140 —60-40-20 0 20 40 60 80 100 120 140 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—’C 
FIGURE 1 FIGURE 2 
Vec+=30V +V=50V (LM111) 


40 V (LM311) 
1ko2 


VOLTAGE TRANSFER CHAR .CTERISTICS 
60 





Vec+ =7t15V OUTPUT 





50 


COLLECTOR COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 


OUTPUT TEST CIRCUIT FOR FIGURE 3 
Vec:+ = 30 V 


Vo—Output Voltage—V 


OUTPUT 


—1 —0.5 0 0.5 1 
Vip—Differential input Voltage—mV 





FIGURE 3 | 5 
EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR-FIGURE 3 


NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals 
connected to Vcc}. 
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TYPES LM111, LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL CHARACTERISTICS 











OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
. 
as 3 
eS , & 3 
ee Vec+ = 15 a 
= a Vec+ = t15 V cer ts = 2 
= Ro = 5002105 V Oc 
5 5 
7 > 
2 4 2 4 
2 = 
Ss 3 ee 
= | - 
a 2 a2 
6 , Vcc =-15V a 
Qo || [TY 6 
0 > 0 
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 
t-Time—ns t—Time—ns 
FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND5 FIGURE 5 
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 
38 Lech Wei Wiee- [s : s3/_| | 
of: | Veet = 15 32 Ba eeeaee 
= == 
£S Tito [weer SC fTowl TTT 
= 5 Re =2kQ2to-15V 2% 
si SET TT eens 
= RE =2kNto-15V 
TaA=25°C 
15 15 a 
> 
> 10 2 10 
ler] 
2 = 
& 5 v= 5 
re > 
> 9 5s 60 
a 2 
3 
3 -5§ ° -~5 
o -10 Oo _10 
= ee al 
~15 -15 
Vv —_ = ‘oe 
0 0.2 04 0.6 08 1.0 1.2 14 16 18 cc ds 0 0.2 0.4 0.6 08 1.0 1.2 1.4 1.6 1.8 
t—Time—ps t—Time—pus 
FIGURE 6 TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7 
OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc 
OUTPUT VOLTAGE SUPPLY VOLTAGE Vce+ SUPPLY VOLTAGE Vcc_— 
Vec+t = 41 
Soho. 5V e < Vip = 10 mV or —10 mV 
E = 95° 
Vip =—10 mv E i FAS oS 
= + | No load 
< E oO Q 
£ j os) Oo 
L 5 s 
5 a 8 : 
5 a <6 s) 
o rat > 9 = 
a a 
= o. 8 g 
oa a 
ic ob 
2 2 
0 
0 5 10 15 0 -5 -10 —15 
Voc_—Negative Supply Voltage-V 
Vo—Output Voltage—V Vcc+—Positive Supply Voltage—V COS se Oe UEP Saree 
FIGURE 8 FIGURE 9 FIGURE 10 
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INCORPORATED 
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TYPES LM111, LM 311 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL APPLICATION DATA 


SQUARE WAVE 
OUTPUT 
(Fan-out to two 
Series 54 gates 
or equivalent) 





TTL 
STROBE 





FIGURE 11—100-kHz FIGURE 12 FIGURE 13-—STROBING 
FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING 





Vec+ 
VkS2 
OUTPUT 
TOTTL 





240 k& 
INPUTT 


OUTPUT 


tT Resistor values shown are for a O-to-30-V logic swing and a 
15-V threshold. 

May be added to contro! speed and reduce susceptibility 
to noise spikes. 


FIGURE 14—ZERO-CROSSING DETECTOR FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC 





Vcec+ 





OUTPUT 
TO TTL 





MAGNETIC 
TRANSDUCER 





FIGURE 16—DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17—100-kHz CRYSTAL OSCILLATOR 


FROM D/A NETWORK 


ANALOG 
INPUT 





Typical input current is 50 pA with inputs strobed off. 


FIGURE 18—COMPARATOR AND SOLENOID DRIVER FIGURE 19—STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 
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TYPES LM111,LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL APPLICATION DATA 


Vec+ = 5 V 


OUTPUT 





Vec—=-10V 


FIGURE 20—LOW-VOLTAGE FIGURE 21— ZERO-CROSSING 
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC 
Vec+ #5 V 6 v 





Voc+*5V 


OUTPUT 


t Adjust to set clamp level. 


FIGURE 22—PRECISION SQUARER FIGURE 23—DIGITAL TRANSMISSION ISOLATOR 


Vec+ = 15 V 
Vec+ =15V 


INPUT 
OUTPUT 





Vec-— = -15V 


FIGURE 24— POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR 
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TYPES LM1i1, LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL APPLICATION DATA 







Vcc+=5V 
Vcc+ 
Vv 
—O 
A 
1k§2 
INPUTS | 
OUTPUT 
N 
2N3708 TO TTL 
TTL 
STROBE 
2N3708 






2N2222 VkQ2 


TR1 sets the comparision level. At comparision, the photo- 
diode has less than 5 mV across it, decreasing dark current 
by an order of magnitude. 


ttTransient voltage and inductive kickback protection. 


FIGURE 26—PRECISION PHOTODIODE COMPARATOR FIGURE 27—RELAY DRIVER WITH STROBE 


\ 





Vcce 


REFERENCE 


(INPUT 
OUTPUTS 








FIGURE 28—SWITCHING POWER AMPLIFIER FIGURE 29—SWITCHING POWER AMPLIFIERS 
76 PRINTED IN USA. 
TI cannot assume any responsibility for any circuits shown 3 
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LINEAR INTEGRATED 
CIRCUITS 











Single Supply or Dual Supplies 


Wide Range of Supply Voltage 
.. 2 to 36 Volts 


e Low Supply Current Drain 
Independent of Supply Voltage 
. 0.8 mA Typ 


Low Input Bias Current.. 


Low Input Offset Current 
.3nA Typ (LM139) 


schematic (each comparator) 


. 25 nA Typ 





=100-A 
CURRENT REGULATOR 


NONINVERTING) o OUTPUT 
INPUT 


INVERTING , 
INPUT 


GND 
0 (OR 
Vec-) 


description 


These devices consist of four independent voltage 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts 
to 36 volts and pin 3 is at least 1.5 volts more positive , 





TYPES LM139, LM239, LM339 


QUADRUPLE DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7612236, MARCH 1975—REVISED JUNE 1976 





Low Input Offset Voltage ...2 mV Typ 


Common-Mode Input Voltage 
Range Includes Ground 


Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage... +36 V 


Low Output Saturation Voltage 


Output Compatible with TTL, DTL, 
MOS, and CMOS 


JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR COMPARATOR 
NO.4 NO.3 


(ey eee, 
OUTPUT OUTPUT NON NON 
COMP COMP INV INV INV INV 
NO.4 GNO INPUT INPUT INPUT INPUT 


OUTPUTOUTPUT Vcc INV. NON- INV 

COMP COMP INPUT INV INPUT 

NO.1 NO.2 INPUT 
a, sees! 


COMPARATOR COMPARATOR 
NO.2 NO.1 


than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be 
connected to other open-collector outputs to achieve wired-AND relationships. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC (see Note 1) 





36 V 
Differential input voltage (see Note 2) .. +386V 
Input voltage range (either input) 0. 3 V to 36 V 
Output voltage . 386V 
Output current 20 mA 
Duration of output short- circuit to grou ind (see ‘Note 3) be. dhe Maye EY Sass ance ors unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ace a a ee. ke oy4, “OO mW 
Operating free-air temperature range: LM139 —55°C to 125°C 
LM239 —25°C to 85°C 
LM339 0°C to 70°C 
Storage temperature range be Si ctics he 44 —65°C to 150°C 
Lead temperature 1/16 inch from case foi 60 seconee: J package Foe ea tieg Ss. Be. eet veh, 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package. .°. . . 1. ee ee ee ew ee ee 260°C 
NOTES: 1. All voitage values, except differentia! voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
TEXAS INSTRUMENTS 165 
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TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, Vcc = 5 V 


LM1 M33 
PARAMETER TEST CONDITIONSTt LM239, M339 
TYP MAX] MIN TYP MAX 


eee ipa wel UO 
Vio __ Input offset voltage cc 0 
Vic = Vicr, Vo = 1.4V Full range i — en 
O 














3 
< 


MIN 
a a a 
\; Input offset current Vo=1.4V 
lig Input bias current See Note 5 
96°C ; 0 ie ; 0 to 
Vec=2V to 36V cc” aah 
0 to 0 to 
Full range 
Vcec—2 Vec—2 
Smail-signal differential o 
Ay ee eg RL =15kQ, Vg =1.4V 25 C 
voltage amplification 
! High-level output current | Vip =1V 
VOH = 30 V | Full range 


© 
Pe 


0 


och 
° 
< 
OQ 
i?) 
—_ 
a 
b 
3 


Common-mode input 





VICR 





voltage range 






200 VimV 


. = 


3 






J 
i] 
Oo 


d 
ac [250 600] 
Vot  Low4evel output voltage | Vip =—-1V, lol =4mA 500 


OH 
lo. Low-level output current | Vip =—-1V, VoL =1.5V 25°C | 6 
Supply current 
lec as No load 25°C 
(four comparators) 


TFull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is —85°C to 125°C, and for the LM339 is O°C to 70°C. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


3 
> 


c 
< |> < | > | > < 
=| 


=| 
> 






switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN 


100-mV input step 
: Ri connected to5V through 5.1 k2,/ : 
Response time with 5-mV overdrive 


CL=15pF,*  SeeNote6 
L - TTL-tevel input step 
FC, includes probe and jig capacitance. 


NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V. 





< 


,. ia 
wo | 70 


i 
a 
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LINEAR TYPES LM193, LM293, LM393 
INTEGRATED CIRCUITS DUAL DIFFERENTIAL COMPARATORS 


BULLETIN NO, DL-S 7612411, JUNE 1976 





Single Supply or Dual Supplies e Low Input Offset Voltage...2mV Typ 
e Wide Range of Supply Voltage e Common-Mode Input Voltage 
...2 to 36 Volts Range Includes Ground 
@ Low Supply Current Drain e Differential Input Voltage Range 
Independent of Supply Voltage Equal to Maximum-Rated 
..-0.5mA Typ Supply Voltage... +36 V 
e Low Input Bias Current...25nA Typ e@ Low Output Saturation Voltage 
e Low Input Offset Current e Output Compatible with TTL, DTL, 
...3NA Typ (LM193) MOS, and CMOS 


schematic (each comparator) JG ORP 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


Vcc 
0(OR 
Vcec+) 





COMPARATOR NO. 2 





NON- 
OUT- INV INV 
ct PUT INPUT INPUT 


~100-pA 
CURRENT REGULATOR 
~=100-yA 


CURRENT REGULATOR 


NONINVERTING, o OUTPUT 
INPUT 


INVERTING . 
INPUT 





description 
OUT- INV NON- GND 

These devices consist of two independent voltage BO ET ee 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. POMPAR ATOR NO. 
Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts L 
to 36 volts and pin 3 is at least 1.5 volts more positive PLUG-IN PACKAGE (TOP VIEW) 


than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. OUTPUT 


COMPARATOR NO. 1 
€ ON HOLVHVdWOd 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2. 2. 1 ww ee ee ee ee ee ee ee ee eee ee) 6BBV 
Differential input voltage (see Note 2) sr tds AG is, A GE ete a Re ee Oe a ee ded 2 eee Ne Oy 
Input voltage range (either input) . . 2... 1. ee ee ee ee ee ee ee ee we. 0.3 V to 36 V 
Output voltage de Saks eat oatee es Ws a cae Pg oe Teh tes dade Ge he Sk a= eae th Gedo gh wie tah - gh Ds Ge ato ge Fe ie a, 
Output-current: 6. os, 6a eS ot ne Ae cw! ee es 20 mA 
Duration of output short-circuit to ground (see Note 3) .......4.4.2.. unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
JIG orP package: 6. -s. “aar- Goo >t el aS: ae des TO A BE BS a ee we ed. os 2 SEO 
E-DaCKage 6. a> ta Seo cae Sa Oat nt ee “ae is we es ees ace A eh RO Ge ad OR ee ZO 
Operating free-air temperaturerange: LM193. . . . . 1. ee ee ee ee ee ee ee 55°C to 125°C 
EM 208) ses to eos ah Eas Wheel ier a eae Sas oy SE TOSS C 
ENN S9S: © ches Sas ecg? ees ee Gee th cae SSG ok Va ste ee, 8 OC tO 0-C 
storage temperature range... 6 « 6 4% ce oe we a ae we) ee GO Ee ee —65°C to 150°C 
Lead temperature 1/16 inch from case for GO seconds: JGorL package .......2.4.2.4. 4... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . ......... ee ee wee + 260°C 


NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal, 


1 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4, For operation above 25°C free-air temperature, refer to Dissipation Oerating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


LM193 LM293, LM393 
PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 
nput offset voltage 
sere Me Mics Vicr Vo=14v [Futtrange [ 
ics uingaieentne. iacaa ys 25°C 
n et curren = 
Bed eee ee 2 Fullrange | 100 
25°C —25 —100 —25 
iB Input bias current See Note 5 
Full range 


* 0 to 0 to 
sala V 1.5 V 1.5 
Veo =2V to 36 V Ae ea 
0 to 0 to 
Full range 
Vec-2 Vcec-2 
50 200 
250 











_ 

oi 
3 
< 





bys 
ofan 
ofo 
3 
> 






Common-mode input 


V 
ICR voltage range 






50 200 


< 


iD=1V, VoH=5V 25°C 0 


rn Small-signal differential Vcc =15V, RL =15kQ, 55°C 
ss voltage amplification [VQ =1.4V 


[=] 
(=) 
< 
ETS ~ 


oO 
~ 
© 
io) 


d 
H High-level output current 
L - 


lo i - 
V Low-level output voltage |V 1V, | 4mA ze 25 
“lev u i ; = m 
cue ipods ise i Full range 
lo Low-level output current|\Vjp = —1V, Vo=1.5V 25°C 6 


| Supply current No load Vcc = 5 25°C aa ee 
= Voo=30V [Ful ene | ST 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


—_ 
i?) 


N 
on 





switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS 


See Note 6 





100-mV input step 
. RL connected to 5 V through 5.1 k2,) 
Response time with 5-nV overdrive 
CL =15pF, * 


TTL-evel input step 


Fo. includes probe and jig capacitance, 
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V. 
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LINEAR TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7512247, MARCH 1975 


INTEGRATED CIRCUITS 





e Eliminates Need for Dual Supplies e Common-Mode Input Voltage 


: Range Includes Ground Allowing 
° adie iy ee pply ‘Voltages Direct Sensing near Ground 
: Differential Input Voltage Range 
e Low Supply Current Drain . : : 
Independent of Supply Voltage Sys ee aay 
. 0.8 mA Typ PPly ee 


© Low Input Bias and Offset Parameters : ae ee Voltage 
Input Offset Voltage ...2mV Typ hy ae 


Input Offset Current ...5nA Typ ...70 mV Typ at 1mA 
Input Bias Current ...—25nA Typ e Output Compatible with TTL, 
DTL, MOS, and CMOS 
schematic (each comparator) N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR COMPARATOR 


NO.4 
Vcc =F 
o(OR OUTPUT OUTPUT NON NON 





Vcc+) COMP COMP INV INV INV INV 
NO.3. NO.4 GND _ INPUT (tNPUT INPUT INPUT 


=100-uA 
CURRENT REGULATOR 


NONINVERTING, o OUTPUT 


INPUT 


INVERTING , 
INPUT 


OUTPUT OUTPUT Vcc INV NON- INV NON- 
COMP COMP INPUT INV INPUT INV 
NO.1 NO,2 INPUT INPUT 


COMPARATOR COMPARATOR 
NO,2 NO.1 





description 


The M2901 consists of four independent voltage comparators designed specifically for automotive and industrial 
control systems. They operate from a single power supply over a wide range of voltages and the low supply current 
drain is independent of the magnitude of the supply voltage. A unique characteristic of these comparators is that the 
common-mode input voltage range includes ground, even though operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital converters, wide-range VCO’s, MOS clock timers, multivibrators, 
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly 
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators. 


The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 








Supply voltage, VCC (see Note 1) - . 36V 
Differential input voltage (see Note 2) . +36 V 
Input voltage range (either input) —0.3 V to 36 V 
Output voltage . 36V 
Output current 20 mA 
Duration of output short- circuit to ground (see Note 3) Bee. Se ths ik eG unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) Bde iw ee ee ae ee & SOO mW 
Operating free-air temperature range ' ; : —40°C to 85°C 
Storage temperature range : : —65°C to 150°C 
Lead temperature 1/16 inch from case for 16 seconds 260°C 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input termina! with respect to the inverting input terminal. 

3. Short circuits from outputs to Voc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 





electrical characteristics at 25°C free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 










=| 


Vio Input offset voltage Vi*1.4V, Vo=1.4V 
10. «Input offset current Vix1.4V, Vo=1.4V FB BOTA 
lig Input bias current See Note 5 | 25 250] nA 


0 to 
VicR Common-mode input voltage range Vec=2V to 36V V 
Vcec—1.5 


Ayq  Small-signal differential voltage amplification ]RL =15k2, Vo=1.4V P2000 mv 
1OH High-level output current Vip=1V, VoH=5V a 5 ee ee 
lIoL =5SuA 


[ea are 
Pion _towlevel output current ———SS—~*diWp = 1, Vou 15 p66 —~«dt mA 
lcc Supply current No load ar ee 


NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stange. This current is essentially constant, regardless of 
the state of the output, so no loading change ts presented to the input tines. 









sj3 
>| > 








VoL Low-level output voltage 


= 








switching characteristics, Vcc = 5 V, Ta = 25°C 
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 





R ti Rt connected to 5 V through 5.1 kQ, : 
e 
ta Cy = 15 pFt, See Note 6 z 


te, includes probe and jig capacitance. 
NOTE 6: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is for the interval between the input 
step function and the time when the output crosses 1.4 V. 





TYPICAL APPLICATION DATA 






O OUTPUT 


LOW. 
IMPEDANCE 
TR =a. isDU CER 


BASIC SINGLE-SUPPLY LEVEL TRANSLATOR 





PRINTED IN U.S.A. 
Tl cannot assume any responsibility for any circuits shown 
or represent thot they ore free from patent infringement. 
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LINEAR 
INTEGRATED CIRCUITS 


Eliminates Need for Dual Supplies 


e Wide Range of Supply Voltages 
...2 to 36 Volts 


e Low Supply Current Drain 
Independent of Supply Voltage 
..-0.5 mA Typ 


eo Low Input Bias and Offset Parameters 
Input Offset Voltage ...2mV Typ 
Input Offset Current...5nA Typ 
Input Bias Current...—25nA Typ 


schematic (each comparator) 


NONINVERTINGG 
INPUT 


INVERTING , 
INPUT 


description 


The LM2903 consists of two independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages and the 
low supply current drain is independent of the 
magnitude of the supply voltage. A unique character- 
istic of these comparators is that the common-mode 
input voltage range includes ground, even though 
operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital 
converters, wide-range VCO’s, MOS clock timers, 
multivibrators, high-voltage digital logic gates, and 
pulse, square-wave, and time-delay generators. The 
LM2903 was designed to directly interface with 
CMOS — where the low power drain of the LM2903 
is a large advantage over standard comparators. 


The outputs can be connected to other open-collector 
outputs to achieve wired-AND relationships. 








TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7612412, JUNE 1976 





e Common-Mode Input Voltage 
Range Includes Ground Allowing 
Direct Sensing near Ground 


e Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage... +36 V 


e Low Output Saturation Voltage 
.».1TmV TypatSuA 
..»/0mV Typ at 1mA 


© Output Compatible with TTL, 
DTL, MOS, and CMOS 


JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 2 


4 NON. * 


OUT- INV INV 
Vect PUT INPUT INPUT 


OUT- INV NON- GND 
PUT INPUT INV 
INPUT 


COMPARATOR NO. 1 





L 
PLUG-IN PACKAGE (TOP VIEW) 


OUTPUT 


COMPARATOR NO. 1 
2 ON HOLVYVdWOD 


PIN 41S IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1)... 1. ww ee ee ee ee ee et ee ee te ee ee we BBV 
Differential input voltage (see Note 2) Ui step 8 MA GA 5, tai. Aas Saha Sep Be vee TS de At Sh cde es a Be ee we ees OV 
Input voltage range (either input) . . 1... 1 ww ee ee ee eee ee ee ee ew we 60.3 V to 36 V 
Output voltage eh iee He. Mah rane aah, ale es ide Gi obs- de. Whew es & ee AS ek oe, ce ed: Ge ce, ede Te Gh Se: Re Se 


OUTDUE CURCENE> 3 5X cae Uh ea ae St 9 ee Nae Be es GS es  2ZOTMA 
Duration of output short-circuit to ground (see UOTE: BP: - ie stesso sO ee Fa Ae ae unlimited 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 4): JG or P package . .. . 900 mW 


L Ipackage - + + 5 625 mW 
Operating free-air temperature range Sistem The Be kb BE ee Ut A den os Oe ee Se. SO —40 C to 85°C 
Storage temperature range... 1. 1 1 ee ew ew we et we wk we ee ew ew we ee KBHC to 150 C 
Lead temperature 1/16 inch from case for 60 seconds: JGorL package .........+..4... . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: P package . ........ 56 5 © ew ew eee 260°C 


NOTES: All voltage values, except differential voltages, are with respect to the network ground terminal, 


1. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


S a = a 
- j : Vic=Vicr  Vo=t4V [Full range 
| focus ean cians oes 25°C £22 na | 
10 nput ots curren Oo; re n 
| 25°C p25 250 
liB Input bias current See Note 5 Full ge Re BODE nA 
ull ran 


25°C 

















Input common-mode 


VICR Vec =2V to 36V 


voltage range 


A Small-signal differential Vcc =i15V, RL = 165 k&Q, 
vd voltage amplification Voz=14V 
lOH High-level! output current ie 2 
Viowtv Vo=sov | fulranee fT 


25°C 
Vv Low-level output voltage Vip=-1V, lol =4mA 


OL 
lot Low-level output current Vip=-1V, VoL=1.5V 25°C 


No toad 
Veo = 30V a ae 


NOTE 5: The direction of the blas current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 


Full range 














Supply current 


< 
2 
136 

rN) 


switching characteristics, Vcc =5V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


100-mV input step 
R.. connected to 5 V through 5.1kQ,| : 
6 s4eoEs Sa Note é with 5-mV overdrive us 
Fo, includes probe and jig capacitance. 


NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V. 



















Response time 





For typical application data, see LM2901 data sheet on page 170. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS 
WITH STROBES 


LINEAR 
INTEGRATED CIRCUITS 


BULLETIN NO. DL-S 7611671, MARCH 1972—REVISED JUNE 1976 





FORMERLY SN52506, SN72506 


e Each Comparator Identicalto LM106 or e¢ Fan-Out to 10 Series 54/74 TTL Loads 
LM306 with Common Vcc+, VCC_. Strobe Capability 
and Ground Connections Short-Circuit and Surge Protection 
Fast Response Times 


e Improved Gain and Accuracy 
description 


The TL506 is a dual high-speed voltage comparator, 
with each half having differential inputs, a low- 
impedance output with high-sink-current capability 
(100 mA), and two strobe inputs. This device detects RTA eae nae 

low-level analog or digital signals and can drive digital 1B GND 1 = Mec+ 2 NC 
logic or lamps and relays directly. Short-circuit 
protection and surge-current limiting is provided. 


JOR N DUAL-IN-LINE PACKAGE OR 
W FLAT PACKAGE (TOP VIEW) 


The circuit is similar to a TL810 with gated output. 
A low-level! input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate 
with any negative supply voltage between —3 V and 
—12 V with little difference in performance. 


The TL506M is characterized for operation over the 





a 6 STROBE INV. NON-INV Vcc. NONINV INV. STROBE 
full military temperature range of —55°C to 125°C; 1A INPUT 1 INPUT 1 INPUT2 INPUT2 2A 
the TL506C is characterized for operation from NG_NG Internal Gonnecion 


O°C to 70°C. 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


76 


Supply voltage Vcc+ (see Note 1) 15V 
Supply voltage VcCc— (see Note 1) —i15V 
Differential input voltage (see Note 2) +5 V 
Input voltage (any input, see Notes 1 and 3). +7 V 
Strobe voltage range (see Note 1) . 0V to Vcc+ 
Output voltage (see Note 1) 24V 
Voltage from output toVCcC— 30 V 
Duration of output short-circuit (see Note ‘4) ‘ ae ee 10s 
Continuous total dissipation at (or below) 25°C free-air ie@pareture (ses Note 5): Bach amplifier . 600 mW 
Total package - . 800 mW 

Operating free-air temperature range: TL506M Circuits bd ae Oe —55°C to 125°C 
TL506C Circuits 0°C to 70°C 

Storage temperature range : —65°C to 150°C 
Lead temperature 1/16 inch from c case 2 for 60 seconds: Ic or Ww package a 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package 260°C 


NOTES: 1. 
terminal. 


ob wn 


- One output at a time may be shorted to ground or either power supply. 
. For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


All voltage values, except differential voltages and the voltage from the output to Vcc_, are with respect to the network ground 


. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
- The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc— =—3 V to—12 V 
(unless otherwise noted) 













TL506M 
MIN TYP MAX 
0.58 2 


TL506C 


UNIT 
MIN TYP MAX 


Ss 
wp Oo Ww 


PARAMETER TEST CONDITIONSt 


Vio Input offset voltage See Note 6 






ou 
< 


20 | xV/°C 


—_ 

oO 
TS. 

164) 


ho Input offset current A 


: 





wd 
on 
> 
—_ 
i=) 


\+ 1+ uy 
(oa) on 
b NR . 
—b 
IN SS: 
Nn ~ 
oO nN Nd WwW oi So on 


(2) 


N) 
o 


6 


nN 
o 


= 
> 


24:78. =355 hee 


m 


NO 
oi 


0 
+5 
+5 


Average temperature coefficient 
avio See Note 6 Full range 3 
of input offset voltage 
0.78 
See Note 6 [MIN | 
MAX 
25° 
lig Input bias current Vo a 0.5 V to 5 V 
NL (S) Low-level strobe current Vistrobe) = 0.4 V 
VILIs) Low-level strobe voltage emt eee ee | Full range 
y Common-mode input y IV to-12V 
et = — 0 _— 
ven voltage range ce 
a Large-signal differentia! No load, 25° 40 0008 40 0008 
vb voltage amplification Vo=0.5Vto5V 


[MAX A 

Average temperature coefficient MIN to 25 C 1 
a110 ; See Note 6 

of input offset current 25 C to MAX 
Vv Differential input Eull ra 

ull range 
10 voltage range = 
0. 


VOH High-level! output voltage Vip=5mV, ton = —-400 uA Full range 


2 
5 
5 
78 
g§& 


Vip=-5mV, lot = 100 mA 
Vip=-5mV, lot = 50mA Full range 
Vip=-5 mV, lot = 16 mA 


Cc 
I High-level output t Vv 5mvV Vv 8V to 24V aa 
igh-level output curren =5 mV, = o ees) 
OH g uSpBE ce ID OH Full range 


lcc+ Supply current from Vcoc+ Vip=—5SmvV, See Note 7 13.98 20 


T Unless otherwise noted, all characteristics are measured with the strobe open. 
S These typical values are at Voc = 12 V, Vcc. = —6 V, Ta = 25°C. Full range (MIN to MAX) for TL506M is —55°C to 125°C and for the 
TLSO6C is O°C to 70°C. 
NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo, ) 
or up to the high range (Voy). Thus these parameters actually define an error band and take into account the worst-case effects 
of voltage gain and input impedance. 


0.8 
Low-level output voltage 


0.028 


13.98 2 
3:35. ° 7; 





=" 
o 






= 
3]: > r 


NO 


m 





7. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected 
in parallel. The outputs are open. 


switching characteristics, VcC+ = 12 V, Vcc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONST Ze = UNIT 
MIN TYP MAX |MIN TYP MAX 


Response time, low-to-high-leve!l output RL =390NtoSV, C_= 1S pF, See Note 8 









ns 





NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is specified for a nominal threshold 
voltage of 1.4 V. 


Ra I BT a I IE A a a a IT I I ITE TTT, 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





schematic (each comparator) 











TO OTHER 
COMPARATOR 


NONINVERTING © 


INPUT 
© OUTPUT 
INVERTING 
INPUT 
O GND 
TO OTHER 
Vec_ COMPARATOR 


Resistor values are nominal in ohms. 





TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





Vcc+ =12V 


Vec— =-6V 18 Vec—_ =-6V 








pe 
i | e UL NL | Kc tesoec | 
(<b) Cc 
: -_ im 
5 St PN INE 
‘s O 
E g 10 : \ 
6 oll Me Me et dk oe ol 
3 a 8 ro wa 
: aes (a ( 
: 2 | | | | EN 
= —- 4 PSS 
Sp ects este al ee 
ara a a tt 
0 
75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS{ 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vec+ = 12 V 
Vcc— =—-3 V to -—12 V 


Vec+ =12V 
Vec— =—-3 V to -12 V 


lot = 100 mA 


is a 


lol = 16 mA 


VOH—High-Level Output Voltage—V 
Vot—Low-Level Output Voltage—V 





a 
(ee 
—75 -50 -25 0 25 50 75 100 125 —75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature— C 
FIGURE 3 FIGURE 4 


5 OUTPUT CURRENT 


vs 


DIFFERENTIAL INPUT VOLTAGE 
VOLTAGE TRANSFER CHARACTERISTICS 


V(Q—Output Voltage—V 
Ig—Output Current—A 





-+ -4 -3 -2 -1 0O 1 2 3 
Vip—Differentia! Input Voltage—mV 
FIGURE 6 





Vip—Differential Input Voltage—mV 
FIGURE 5 


{Data for temperatures below 0°C and above 70 C is applicable to TLSO06M circuits only. 
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TYPES TL506M, TL506C 


DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





Avp—Differential Voltage Amplification 


Differential 


Vo—Output Voitage—V 


Input Voltage 








TYPICAL CHARACTERISTICS} 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
VS 


FREE-AIR TEMPERATURE 


Vcc— =-3 V to —12 V 
Vo=1to2V 


—15 -§5 -25 QO 25 50 75 100 125 
Ta—Free-Air Temperature—C 
FIGURE 7 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Vcoc+=12V 
Vcc—=-6V 

CL = 15 pF 

R_ = 390 2 to5V 
Ta =25°C 


t—Time—ns 
FIGURE 9 


a @ 
A 
fe 
fob) 
bh 
tee 
=) 
O 
~ 
=) 
ok 
pur) 
=) 
O 
= 
3 
Oo 
= 
Y 
~ 
= 
oO 
<= 
“e 
Ww 
2 


Differential 


Vo—Output Voltage—V 





SHORT-CIRCUIT OUTPUT CURRENT 
vs 


FREE-AIR TEMPERATURE 


Vcc+ =Vo9 = 12 V 
Vcc— =-6V 
Vip =—-5 mV 


ae 


= 


RES 
RSare 


-—75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature— C 
FIGURE 8 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


Input Voltage 





t—Time—ns 
FIGURE 10 


{Oata for temperatures below 0°C and above 70°C is applicable to TLSO6M circuits only. 
NOTE 9: This parameter was measured using a single 5-ms pulse. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPCIAL CHARACTERISTICS# 


SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc 
VS VS 
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc— 


Vec+=12V 


lcc——Supply Current from Vcc_—mA 


Beis 
Rais 


Icc+—Supply Current from VCCc+—mA 





0 -2 -4 -6 -8 -—10 -12 -—14 —16 


Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 11 FIGURE 12 


TOTAL POWER DISSIPATION 
vs 


FREE-AIR TEMPERATURE 





Pp--Total Power Dissipation—mW 





-—75 —50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature— °C 
FIGURE 13 


{Data for temperatures below 0°C and above 70°C is applicable to 
TLS50O6M circuits only. 
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LINEAR TYPES TL510M, TL510C 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBE 


BULLETIN NO, DL-S 7611452, MARCH 1971—REVISED JUNE 1976 





Low Offset Characteristics schematic 
High Differential Voltage Amplification 
Fast Response Times 

Output Compatible with Most TTL 

and DTL Circuits 


description 





The TL510 monolithic high-speed voltage comparator AE aa 
is an improved version of the TL710 with an extra puke OGND 
Stage added to increase voltage amplification and were 
accuracy, and a strobe input for greater flexibility. 

Typical voltage amplification is 33,000. Since the 

Output cannot be more positive than the strobe, a 


Resistor values ara in ohms. 


low-level input at the strobe will cause the output to Component values shown are nominal. 


go low regardless of the differential input. Component matching, inherent in integrated circuit fabrication techniques, 
produces a comparator with low-drift and low-offset characteristics. These circuits are particularly useful for applica- 
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 


The TL510M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL510C 
is characterized for operation from O0°C to 70°C. 


terminal assignments 


JG ORP 
JOR N DUAL-IN-LINE DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE U FLAT 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) 


Ur STROBE out 
Out Vcce PUT STR NC 
NC NC Voce STROBE PUT NC NC NC  Vcce STROBE PUT 


®OOOO 


GND NON INV Ve¢c 
NC GND NON INV NC Vcc NC INV INPUT 
INV INPUT INPUT 
INPUT 


PIN4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (urtess otherwise noted) 


Supply voitage Vcc+ (seeNote1) 2. 2... 2. ee ee ee ee ee TAN 
Supply voltage Vcc— (see Note 1) 2. 2. 2. 2 we ee ee ee ee ew INV 
Differential input voltage (see Note 2) Gy in ~dteces gh aie’ des Vek cat aS de ek Sto ae Bs Del TR, Ges at Sh eee oe 
Input voltage (either input, see Note1) . . 2. 1. 2. 1 ee ee ee ee ee ee ee eee ee ee 6 
Strobe Voltage (see Note 1) eo AD aks ces. Se sho ae te -Zat Jee ay Ba ke Ts ee oe LE SB eet, oe a EY 
Peak output current (ty <1 s) a eee” fa te we lg ee ce «=~OMIA 
Continuous total power dissipation at (or BSlowl 70° °C fens -air ferperstuire (eed Note 3), S. ay Siete we ae BOO MW 
Operating free-air temperature range: TL510M Circuits ......2.2.2.2.2.2.+.2. +... ~ 4-55°C to 125°C 

TLBIOC Circuits 2... 1... ee ee ee ee es OPC 070°C 
Storage temperature range . . tee ee ee e))6=65°C to 150°C 
Lead temperature 1/16 inch front case eo 60 seconde J, JG, L, or U eackane, Se Gor Gh he wot Bates Ba Gees --S00"G 
Lead temperature 1/16 inch from case for 10 seconds: NorPpackage ........2.2.+. =... =. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. For operation of the :TL510M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


PARAMETER TEST COND!TIONSt 
Vv Input offset volt Ss 200s. 
10 . Fai See Note 4 


Average temperature coefficient Rs = 502, 
of input offset voltage See Note 4 












TL510M 
MIN MA, 


TLS10C 


x 
2 


z 
, 
be | 
Fie 
alan > 
i 
< 
s 
QO 








avid 


5°C to MAX 


9 
“J 
oa 
w 






No Input offset current See Note 4 


- 
o 
~ 
oi 


Average temperature coefficient 
a110 : See Note 4 
of input offset current 


tre input bias current See Note 4 
V =5V, 

bys) High-level strobe current (strobe) 5°C 
Vip = -SmvV 
Vv = —100 mV, 

NLS) Low-level strobe current Go eay 

Common-mode input 
Vv Vcc *-7V 
ICR voltage range ce 


voltage amplification Vo =0to2.5V 

Vip =o mv, 
lon = 0 

Vip = 5mvV, 
lon = -SMA 
Vip = —SmvV, 
lo. 290 

V( strobe) = 9. 
Vip = 5mvV, 
loL = 0 





ond 
- 
oi 
| 
N 
oO 






N 
=}2 
2\/= 
we ina 
0/8 
nN 
a2 
fo) 

@ 
~ 


N 


N 
ok 
oO 











nn S) rN) n n n nm >[nilnjn| om 
c % Y = € c ae e;¢ 
a: oO oO = = = S [StOlst a 
3  } 2/3) 2 13] 13] 3 
8 8 % ° = | St 8 


+ + 

a a 
© 
Ww 
oO 


° 
++ 


VoH High-level output voltage 


N) 
on 
sad 
on 
an 


i+ 
ol 


-1 -0.5§ of -1 -0.5§ 





7) 
< 


VoL Low-level output voltage 





| 
-_ 
© 
++ 

| 
-_ 
o 
++ 


Vip = -SmvV, 
Vo=0 








to. § Low-level output current 


° 
wo 
Hd 
w 


o Output resistance 
CMRR Common-mode rejection ratio 


Vo =1.4V 
Rs « 2002 


g 


80 


wl 
i=] 
= 
8 
mom 


Full range 


lcc+ Supply current from Voc+ Vip = —S mv, 


No load 


-3.58 -7 
150 


tcc— Supply current from Voc 
Pp 


3 





Total power dissipation 





TUntess otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is ~55°C to 125°C and 

for the TL510C is OC to 70°C. 

The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 

only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 

8 These typical values are at Ta= 25°C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo=1BaV 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo =1 V at Ta = 125°C; for TL510C, Vo =1.5 Vat Tg, =0°C, Vo = 1.4 V at 25° 
and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 














NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
6, For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPES TL510M, TL510C 


DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 
FREE-AIR TEMPERATURE 


Voc+ 7 12V 
Vec-—=-6V 
Vo *0t02.5V 
No load 


Avo-—Differential Voltage Amptification—V/mV 





-75 -60 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C 
FIGURE 1 


OUTPUT VOLTAGE LEVELS 
VS 


FREE-AIR TEMPERATURE 


Vo—Output Voltage—V 





-75 -50 -25 0 


25 50 75 100 125 
Ta—Free-Air Temperature—"C 


FIGURE 3 


TL510M 
VOLTAGE TRANSFER CHARACTERISTICS 


5 
















Voc+ =12V 
Vcec—=-6 





lo_—tow-Level Ourput Current—mA 





LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
vs 


SUPPLY VOLTAGE 


Avo—Differential Voltage Amplification—V/mV 





Voc+—Posltive Supply Voltsge—V 
FIGURE 2 


LOW-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


Vec+ = 12V 
Vec-=-6V 
Vip =-Smv 
Vo=0 





-76 -50 -25 0 25 SO 75 100 125 


Ta—FreeAir Temperature—"C 


FIGURE 4 


TLS10C 
VOLTAGE TRANSFER CHARACTERISTICS 








4 Rs =50 2 eA 
c. 4 ANT > 
® Ta = —55°C a Ta = 25°C % 
g Ta = 125°C 3S 
5 2 3 
bs & 
9 9 
Oo 1 oO 
> > Vec+=12V 
ie) 
No load 
-1 
-3 —2 -1 0 1 2 3 -3 —2 —1 0 1 2 3 
Vip—Differential Input Voltage—mV Vip—Differential input Voltage—mV 
FIGURE 5 FIGURE 6 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vecs+ 2 12 V 
Vec-*-6V Vec—* -6V 


Vic e-5VI0BV 


I1g—Input Bias Current—pA 
CMRR—Common-Mode Rejection Ratio—dB 





85 
~75 -80 -2% 0 2% SO 7 100 125 
Ta—Free-Air Temperature—"C 








Taf ree-Air Tempersture—"C 
FIGURE 7 FIGURE 8 
OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 
> 
3 : 
1 Poorer 
58 a ae ame 
6 | 
: a 
> 
fe 
3 $ 
oealad a 
ee ce eS 
- a a - 0 5 10 15 20 25 30 35 40 
t-—Time—ns 
: t-—Time—ns 
FIGURE 9 FIGURE 10 


TOTAL POWER DISSIPATION 





7 i Pp VS 
: COMMON-MODE PULSE RESPONSE FREE-AIR TEMPERATURE 
$ 
8 
3 
! 
i 
; i 
g : 
é 
3 
7 " 
§ & 
$ 
3 
2 50 
¥ -75 -50 -25 0 23 $0 75 100 125 
£ t—Time—ns Ta—Free-Air Termperature—"C 
FIGURE 11% FIGURE 12 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo = 1. 8 V 
at Ta = —55° C,Vo=1 AV atTa= 25° C,and Vo = 1 V at Ta = 125° C; for TL510C, Vo = 1.5 V at Ta = 0° C, Vo = 1. 4 V at 25°C, 
and Vo = 1.2 V at Ta = 70°C. These Output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive. 
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LINEAR INTEGRATED TYPES TL514M, TL514C 
CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


BULLETIN NO. DL-S 7611451, MARCH 1971—REVISED JUNE 1976 





FORMERLY SN52514, SN72514 


e Fast Response Times e Low Offset Characteristics 
e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits 
h . h JORN 
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


AMPLIFIER No. 1 
AMPLIFIER NO, 2 
NON- 
INV INV ouT- 
VCC— INPUT INPUT GND VCC+STROBE PUT 


OUT-STROBEVcc+ NC NON. INV Voc- 
INV INPUT 
INPUT 


AMPLIFIER NO. 1 
AMPLIFIER NO. 2 





Resistor values are in ohms. 
Bars Sasluaa chan ee rancnak: NC—No internal connection 


description 


The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared with the TL720, 
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy 
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since 
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low 


regardless of the differential input. 





These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a 
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of —55°C 
to 125°C; the TL514C is characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2... 1 1 1 ee ee ee ee eee ee ee ee ew ww) «14 
Supply voltage Vcc_ (see Note1) . 2. 2. 1. 1 we ee ee ee ee ee ee ee ee ee ew TV 
Differential input voltage (see Note 2) 2. 2. 1 ww ee ee ee ee ee ee ee ee ee ee we 6K 
Input voltage (any input, see Note 1) 2... 1 we eee ee ee ee ee ee ee ee ee eee 6 
Strobe voltage (see Note 1) 2 0 0. ee ee ee ee ee BV 
Peak output current (tyw<1s) ... 7 bok dete 2k os ee ee AOA 


Continuous total dissipation at (or below) 70°C free-air temperature (See Note 3): 
each comparator . . . 1. 6 ee ee eee ee ee ee we es 300 MW 


total package . 2... 1 ww ew ee ee ee we ee ee ee ee 6 600 mW 
Operating free-air temperature range: TL514M Circuits . . 2... 2 we ee ee ee . -55°C to 125°C 
TL514C Circuits 2... 2 ee ee ee ee ee ee «OPC to 70°C 
Storage temperature range ih emids tpt op we Se A eee OE . -65°C to 150°C 
Lead temperature 1/16 inch from case for GO seconds: Jpackage . . . 1. 1 ee ee ee ee te 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . 1. 1 we ew ee te ee es 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


Fe 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VCC+ = 12 V, VcCc—_ = —6 V 
(unless otherwise noted) 


M 
PARAMETER TEST CONDITIONSt TES 
MIN TY 
Rs < 200 2, 28°C 
Vv Input offset voltage 
10 e See Note 4 


Average temperature coefficient Rg = 502, 
See Note 4 


25°C 
See Note 4 
MAX 
5° 










TL514C 
TYP MAX 
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Average temperature coefficient 
ano : See Note 4 
of input offset current 
lig Input bias current See Note 4 
Vv =5V, 
NWL(S) High-level strobe current oe + 2 
ip=—-5m 
Vv = -100 mv, 
NHS) Low-level strobe current ystrObe) e125 
Vip =5mvV 
y Common-mode input Vv --7V 
ICR voltage range cc-* 


[Vio__Ditferential input varagerange [SS 
voltage amplification Vo =0to2.5V 
Vip =5 mV 
Vip =5mvV, 
Vip = -SmV, 
Vistrobe) = 9.3 V, 
Vip =5mv., 


loL=0 
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VouH_ High-level output voltage 
2.5 3.68 
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VoL Low-level output voltage 
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Vip =—-5mvV, 
Vo=0 
0 M 


; 


Po Tota! power dissipation 4 
TUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is —55°C to 125°C and 
for the TL514C is O°C to 70°C. 


+The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 


Io Low-level output current 
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Vip = -S mV, 
No load 


—3.58 -7 
908 150 
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only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 

$ These typical values are at Ta = 25°C. 

Isuppy current and power dissipation limits apply for each comparator. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo = 1.8 V 

Oo 

at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125 C; for TL514C, Vo = 1.5 V at TA =O C, Vo = 1.4V at 
25°C, and Vg = 1.2 V at Ta = 70 C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


switching characteristics, VCC+ = 12 V, VcCc_ =—6 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input blas voltage to produce an output voltage which rises above 1.4 V, The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven Output voltage crosses the 1.4 V level. 








For typical! characteristic curves, see the TL510 data sheet on page 181. 
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e Fast Response Times 
e Low Offset Characteristics 
e Output Compatible with Most TTL and 
DTL Circuits 
description 


The TL710 is a monolithic high-speed comparator 
having differential inputs and a _ low-impedance 
output. Component matching, inherent in silicon 
integrated circuit fabrication techniques, produces 
a comparator with low-drift and low-offset charac- 
teristics. These circuits are especially useful for 
applications requiring an amplitude discriminator, 
memory sense amplifier, or a high-speed voltage 
comparator. The TL710M is characterized for opera- 
tion over the full military temperature range of 
—55°C to 125°C; the TL710C is characterized for 
operation from O°C to 70°C. 


terminal assignments 
JORN 
DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


JG OR P 
DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


Vcc+ OUTPUT NC 


NC 


NC GNONONIN INVEAT NC Vcc 
ERTING ING 
INPUT 


INPUT GND NON- INV Vcc- 


INV INPUT 
INPUT 


NC—No internal connection 


absolute maximum ratings over operating free-air 









Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— {see Note 1) 
Differential input voltage (see Note 2) 
input voltage (either input, see Note 1) 
Peak output current (ty, < 1 s) 
Continuous total power dissipation 


FORMERLY $N52710, SN72710 























at (or below) 70°C free-air temperature (see Note 3) 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


BULLETIN NO, OL-S 7611441, FEBRUARY 1971—REVISED JUNE 1976 






schematic 


NONINVERTING 
INPUT 7 


INVERTING | 
INPUT 





Component values shown are nominal. 


U FLAT PACKAGE 
(TOP VIEW) 


L 
PLUG-IN PACKAGE (TOP VIEW) 


Veco) NC OUTPUT 


GND NONIN INVERT- NC 
VERTING ING 
INPUT = INPUT 


Vcc 


PIN 41S IN ELECTRICAL 
CONTACT WITH THE CASE 


temperature range (unless otherwise noted) 


Pa Ce 












3 








| of | | 2 13lel<lele 
OOOO! S | > 


—7 

+] 

00 
Operating free-air temperature range Oto7 
Storage temperature range —65 to 15 
Lead temperature 1/16 inch from case for 60 seconds 300 
260 


Lead temperature 1/16 inch from case for 10 seconds 








0 


—65 to 15 
J, JG,L,orU package | 300 | 
N or P package | 260s 


1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 


or 

LeelO | 

55 to 125 | 
3 


—7 

+5 

+7 

00 
—55 to 125 
0 

00 

260 





NOTES: 
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TYPES TL710M, TL/10C 
DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, VCc+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


TL710M TL710C 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX |MIN TYP MAX 


Vio _—_—sInput offset voltage Rs < 200 2, See Note 4 
Average temperature coefficient - 4 Full 

4 ull range 

VIO of input offset voltage BS 200:0), med ucee : 

25°C 
lio Input offset current See Note 4 
Full range 

1B 

| 

ID 


Vv Input voltage range Vec—=-7V 25°C 
Differential input voltage range 


V 25°C 
Large-signal differential 25°C 750 1500 700 1500 
AvD No toad, See Note 4 


5 

voltege amplification Fullrange [600 500 
VoH High-level output voltage Vip=15mV, IoH=—-0.5mA[ 25°C 

VoL Low-level output voltage Vip =—-i15mV, IoL = 0 | 25°C -—0.5 of 
IOL Low-level output current Vip =-15mV, Vo =0 25°C 
CMRR Common-mode rejection ratio Rs < 2002 25°C 
4 
i 8 


eee Oe 
| 20 
| Input bias current See Note 4 
2.5 3 
—1 
1.6 2 
200 
70 9 
5 


Icc+ Supply current from Vcc+ Vip =-5Vto5V 25°C | 5.4 10,1 | 
lcc— Supply current from Vcec— (—10 mV for typ), 25°C | 3.8 —8.9 
Pp Total power dissipation No load 25°C 


20 

75 
4 

0 








NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vo = 1.8 V 
at Ta = —55'C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ty = 125°C; for TL710C, Vo = 1.5 V at Ty = 0°C, Vo = 1.4 Vat 
TA= 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of 
the types of digital logic circuits these comparators are intended to drive. 


TF ull range for TL710M is —55°C to 125°C and for TL710C is O°C to 70°C. 


tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, TA = 25°C 


1 
PARAMETER TEST CONDITIONS Ue EET IRS UNIT 


NOTE 5: Theresponse time specified is for a 100-mV input step with 5-mV overdrive. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 
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DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 


TL710M TL710C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 


Vo—Output Voltage—V 
Vo—Output Voltage—V 





5 -4 -3 2-1 0 1 2 4 5 
Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 5 FIGURE 6 


TOTAL POWER DISSIPATION 
Vs 
FREE-AIR TEMPERATURE 


Vec+=12V 
Vcec— =-6 V 
Vip =0 
No load 


Pp—Total Power Dissipation—mW 





Ta—Free-Air Temperature—C 





FIGURE 7 
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LINEAR 
INTEGRATED CIRCUIT 










schematic (each comparator) 


NONINVERTING 
INPUT : 


INVERTING 
INPUT ’ 





Component values shown are nominal. 





TYPE TL720C 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 1 


NON COMPARATOR NO. 2 
INV INV 
Vcc— INPUT INPUT GND Vcc+ NC OUTPUT 


OUTPUT NC Vcc+, NC NON INV Vcc— 
INV INPUT 
COMPARATOR NO. 1 INPUT 


COMPARATOR NO. 2 


NC—WNo internal connection 


description 


The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having 
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication 
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for 
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The 


TL720C is characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Note 1) 
Peak output current, each comparator (ty < 1 Ae 
Continuous total power dissipation: each comparator 
total package 
Operating free-air temperature range OAR! Fe. % 
Lead temperature 1/16 inch from case for 60 seconde? ‘J package 
Lead temperature 1/16 inch from case for 10 seconds: N package 


NOTES: 1. 


14V 
—7V 

+5 V 

+7 V 

“10 mA 

300 mW 
600 mW 
0°C to 70°C 
. 300°C 

. 260°C 


All voltage values, except differential voltages, are with respect to the network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


rn a 
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TYPE TL720C 
DUAL DIFFERENTIAL COMPARATOR 





electrical characteristics at specified free-air temperature, VcCc+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


V 
I 
I 









Input offset voltage Rg< 200%, See Note 3 ae V 
u v . ee = = m 

Average temperature coefficient = 2 

avio Rs < 2002, See Note 3 0Cto 70C it 

of input offset voltage 

l 

ID 








< 
™~ 
OQ 


V ; 5 
25°C 
O Input offset current See Note 3 . 5 BA 
Pcwme| —-25 | 
: 25°C 5 100 
B Input bias current See Note 3 5 = uA 
PCC! __—_—~+180 | 
V Input voltage range Vec—=-7V 25°C 
Vip_ Differential input voltage range ee ee eae 
we 
8 


voltage amplification 0°C to 70°C (500s 
VoH_ High-level output voltage Vip=15mV, Io =—-0.5mA 25°C 4 


7 
2 
+5 
-signal diff tial 25°C 700 1500 
Avo Large-signal differentia No load, See Note 3 
VoL Low-level output voltage Vip=—-15mV, !oL =0 25°C -—1 -0.5 0 


++ 


3 







Von av 25°C 







: | 200 
CMRR Common-mode rejection ratio Rs < 2002 27c  6{ 6&6 C90" 
lcc+ Supply current from Vcc+ (each comparator) Vip =-5Vto5V 25°C a ee 
lcc— Supply current from Vcc_ (each comparator) (—10 mV for typ), | 3B 


Pp Total power dissipation (each comparator) No load 






25°C 


NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.5 V at 
Ta = o°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital! logic circuits these comparators are intended to drive. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when 0'V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, Vcc+ = 12 V, Vcc— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 
Response time No load, See Note 4 pos | 


NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive. 


Typical characteristic curves on the TL710 data sheet, pages 187 and 188, are applicable for the TL720. 
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LINEAR TYPES TL810M, TL810C 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7611449, MARCH 1971—REVISED JUNE 1976 


FORMERLY SN52810, SN72810 
Low Offset Characteristics schematic 
High Differential Voltage Amplification 

Fast Response Times 

Output Compatible with Most TTL 

and DTL Circuits 


description 


The TL810 is an improved version of the TL710 
high-speed voltage comparator with an extra stage NONINVERTING 
added to increase voltage amplification and accu- 
racy. Typical amplification is 33,000. Component 
matching, inherent in monolithic integrated cir- 
cuit fabrication techniques, produces a compar- 
ator with fow-drift and low-offset characteristics. 
These circuits are particularly useful for applica- Ree a ee 

tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 


INVERTING 5 
INPUT 





The TL810M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL810C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JG OR P 
JOR N OUAL-IN-LINE DUAL-IN-LINE L PLUG-IN PACKAGE U 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) FLAT PACKAGE (TOP VIEW) 


out out 
NC Vcce «(NC PuT NC Vecs PUT NC 


NC GNO NON INV NC VEC GND NON INV Vcc Q) @) G) 
INV INPUT GN 


INV INPUT NON INV NC Vcc 
INPUT InPutT 


PIN 41S IN ELECTRICAL mee 
CONTACT WITH THE CASE 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2 2 www ee ee ee «TAY 
Stiaply voltage: Vee. (see Note l),.5- 52 vo we Re ee ee ee ee we A a ck ee EN 
Differential input voltage (see Note 2) be of Gy cartes SS Soe eS ae mS oS ee ee oe ee me 
Input voltage (either input, see Note 1) 2. 1. 2. ww ee ee ee ee EVN 
Peak output current (ty <1 s) & ke Beeth- S ot VS ie cit nd Bw, Ge te oe ce Gates Be he Bee 2. “TOA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note3) . . .... . . 300mW 
Operating free-air temperature range: TL810MCircuits ............ 2... 55°C to 125°C 

. TL810C Circuits oS eke Ee OR ae ae ee a ae ae: C1070 -C 
Storage temperature range dea, eee, Gey eh Weed Geodata dee Se Gey Soot —65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J,JG,L,orU package .........2.2.. 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N or P package. . . ..........2.-. 260°C 


NOTES: 1. Alt voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Oifferential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL810M above 70 C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


TL810M 
PARAMETER TEST CONDITIONST MIN Typ MAX | M 
z Average temperature coefficient Rs = 502, la to 25°C i ae 
wl of input offset voltage See Note 4 ei aie 


0.25 
Average temperature coefficient 
ano ' See Note 4 
of input offset current zac C to MAX 


ey, ee —— 
Vv Common-mode input Vv 7V 
ICR voltage range Cee 


[Yip Bitlerentiinpatwokape rae 
voltage amplification Vo = 010 2.5V 
Vip =5 mV 


loH = 90 
Vip =5mvV, 


TL810C 
















UNIT 
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VoH = High-level output voltage 
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68 
lIoH = -5MA 3.6 
Vip = —oS mV, 
VoL __ Low-level output voltage lol = 0 = ~0.58 of} —1 —0.58 ot 
25°C 2 
Vip = —SmvV, 


3 
> 


lo. Low-level output current 


i 
_ 
KI | NO 
Wl 


x 
QO 
mn 
ht 
-) 
nN 
> 


A 


i 














To Output resistance 200 


CMRR Common-mode rejection ratio Rs < 2002 


\cc+ Supply current from Vec+ 
Icc— 
Pp 


o 
© 
—_ 
8 
Oe 


N 
ul 
oO 
~J i) 
oO ¢,) 
—_ 
mn 





ull range 
Vip = —5 mV, 


No load 


—3.58 =7 
908 150 


—3.58 —7 
908 150 






Supply current from Vec— 






nmi nyT 

cjc 
< 
® 
=] 
iio} 
© 





Total power dissipation | range 

t Full range (MIN to MAX) for TL810M is —55°C to 125°C and for the TL810C is O°C to 70°C. 

t The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 

only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 

8 These typical values are at Ta = 25°C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = -55°C, Vo = 1.4 V at Ta = 25°C, and Vg = 1 V at Ty = 125°C; for TLB10C, Vo = 1.5 Vat Ta =0°C, Vo =1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


switching characteristics, VcCc+ = 12 V, Vcc— = -6 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive, 
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Vo—Output Voltage—V 


TYPES TL8IOM, TL810C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs vs 


FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Voce * 12V 
Veoc-*-6V 


Ayp-—Differential Voltage Amplification—V/mV 
Ayp—Differential Voltage Amptification—V/mV 





-7%5 -60 -2% 0 2% s 7% 100 125 





Ta—Free-Alr Termperature—°C 


Vv —Positive Supply Voltege—V 
FIGURE 1 » FIGURE 2 
OUTPUT VOLTAGE LEVELS LOW-LEVEL OUTPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


H (Vip = SMV, low = @ 


Vor (Vip = —5 mV, tor * 0 










ianeks 
PERRLERR 


Vo—Output Voltage—V 


lo, —Low-Level Output Current—mA 





2.20 
-76 -60 -2% 0 2% 8 7% 100 125 -78 -8 -2% 0 2% 680 7% 100 128 
Ta—Free-Air Tempereture—"C Ta—Free-Air Tempersture—"C 
FIGURE 3 FIGURE 4 
TL810M TL810C 


VOLTAGE TRANSFER CHARACTERISTICS 


 aghacianl 
AT 1 


VOLTAGE TRANSFER CHARACTERISTICS 















Vec+ = 12 V 
Vec— = —-6 
Rs = 502 
No load 
















> 
3 x ; | 
Ta = —55°C ed Ta = 25°C e 
Ta = 128°C GC 
; (i s 
3 
: 
i 
> Vcc+ *12V 
Vec—=-6V 
Es ae es ae 
Eanes SA ISTE PL 
— Fe 
Jee 
—3 —2 —1 0 1 2 3 -3 —2 —1 0 1 2 3 
Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE § FIGURE 6 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 





TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


cc+ 7 12V 
Vec_* -6V 
Vie «-6BVtIOe5BV 


yg—trput Bias Current—pA 
CMRA—Common-Mode Rejection Ratio—dB 





FIGURE 7 FIGURE 8 


COMMON-MODE PULSE RESPONSE 


Vic—Common-Made Input Voltage—V 


Vec+ 2 12V 
Vec- * -6V 
No Load 





Vo—Output Voltage—V 


FIGURE 9 


TOTAL POWER DISSIPATION 
OUTPUT RESPONSE FOR vs 


VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE 





Vece #12 
a § Voc = -6V 
5 $ Vip = -SmvV 
2s 3 No Load 
a & L 
2 
& 
a 
a 
3 Migs 3 
; aim 
2 
°o 
> 
-1 50 
-758 -50 -26 0 SB 8 $75 100 125 
Ta—Free-Air Termperature—"C 
FIGURE 10 FIGURE 11 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 
1.8 V at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 Vat Ta = 125°C; for TL810C, Vo = 1.5 Vat Ta = OC, VQ =1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These Output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 
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LINEAR TYPES TL81iM, TL81iC 


DUAL-CHANNEL DIFFERENTIAL COMPARATORS 
INTEGRATED CIRCUITS WITH STROBES 


BULLETIN NO. DL-S 7611464, MARCH 1971—REVISED JUNE 1976 


FORMERLY SN52811, SN72811 
e Fast Response Times 

e Improved Voltage Amplification and Offset Characteristics 
e Output Compatible with Most TTL and DTL Circuits 









description schematic “e 


OTARO@E 1 


The TL811 is an improved version of the TL711 high- vecse 
speed dual-channel voltage comparator. Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the comparator accuracy. The 
output pulse width may be “stretched” by varying 

the capacitive loading. JF 
Each channel has differential inputs, a strobe input, vem 

and an output in common with the other channel. 

When either strobe is taken low, it inhibits the “srs 
associated channel. If both strobes are simultaneously 
low, the output will be tow regardless of the 
conditions applied to the differential inputs. 


GND Vor 


These dual-channel voltage comparators are partic- Component values shown are nominal. 
ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold 
voltage. 


The TL811M_ is characterized for operation over the full military temperature range of —55°C to 125°C; the TL811C 
is characterized for operation from O°C to 70°C. 


terminal assignments 


JORN L U FLAT 
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) 


STROBE 1 GND VCC+ OUTPUT STROBE 2 


inv NON: Vcc- NON INV | NC LO} pone. Vee 0) bo 
Yeni, ciecte PIN 5 1S IN ELECTRICAL CONTACT WITH THE CASE INPUT INV init, INPUT 2 





NC—No internal connection 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage Vcc+ (seeNote 1) 2. 2... 2. we ee ee ee ee eee ew TAN 
Supply voltage Vcc— (see Note 1) . 2... 2 2 2 we ee ee ee ee ee ee ee ew ATV 
Differential input voltage (see Note 2) Bs Ness Ue Sa WE yee ee Ep. ne Se es Oe te ge SO, SE 
Input voltage (any input, see Note 1) . 2... 1... ee ee ee ee ee ee ee eee ee ew 67 
Strobe Voltage (see Note 1)... www we ke ee ee ee ee ee eee BV 
Peak output current (tw <1 s) Bs i) hs ee Rk ca Seek Bee te a Bt Se ee 50 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note3) ..... =. . =. 300mWw 
Operating free-air temperature range: TL811M Circuits eas Tat thee ie dec Sn cit wie ae stipes @? se —55°C to 125°C 

TL811C Circuits 2 ww ee ee ee ee OPC 10 70°C 
Storage temperature range 5 ab tee we 2. ae we Oh oe Boa ak en BR SS Ew. «SES C16:150°C 
Lead temperature 1/16 inch from case for 60 seconds: J,L,orU package... ......2.2.+. =. =. 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package ........2.2.2.2.2.2. 4... ~ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, VCC— = —6 V 
(unless otherwise noted) 


Rs < 2009, 
Vic = 9, 
See Note 4 


’ 1 7.5 


lig Input offset current See Note 4 EE 
7 este __} 7 29} 0 
Input bias current See Note 4 





















Vio __— Input offset voltage 




















Average temperature coefficient 






Vic = 90, 
See Note 4 


a 
vio of input offset voitage 





Vv Common-mode input Vv 7V 26°C Vv 
ICR voltage range es 
Differential input 
aa 
voltage range 
‘ Large-signal differential Vo = 0to2.5V, 10 17.5 ’ 
ie cies No load rie ee —— ee 
Vip = 10 mV, 
Vv 
ee ae ik 
2 









VoH High-level output voltage 


loH =-SmMmA 









Vip = 10 mv, 
VoL __Low-level output voltage Vip = 10 mV, 
V(strobe) = 0.3 V, 









lon = 0 

Vip = -10 mv, ot | -1 -024 ot 

loL=0 ; 
=ac : 


loL=90 


Vip = —10 mV, 
1OL Low-level output current Ip 
Vo =0 


25° 
Vo=14V a 
CMRR Common-mode rejection ratio Rg < 200 2 
Icc+ Supply current from Voec+ Vip =-5toSV ee 
Icc— Supply current from Voc— (—10 mV for typ), zs"¢ 


Pp Total power dissipation No load, See Note 5 


a 













TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is 
grounded. Full range for TL811M Is —55°C to 125°C and for the TL811C is O°C to 70°C. 
tthe algebraic canvention where the most-positive (Jeast-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 
NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, 
Vo = 1.8 V at Ta = —55°C, Vo =1.4 V at Ta = 25° C, and Vo = 1 V at Ta = 125°C; for TL811C, Vo = 1.5 Vat Ta = o°C, 
Vo =1.4V at Ta = 25° C, and Vo = 1.2 V at 70°C. These Output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 
5. The strobes are aJternately grounded, 


switching characteristics, Vcc+ = 12 V, Vec— =—-6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
Pain T¥P MAX | 


Bate CLS BnET Goan i ee ae 
RL== GL=SpF, SeoNowe7| 5 ~+fSC*dC ms 









rc 
il 
8 


i 
8 





NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive. 
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voitage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPES TL81iM, TL81IC 


DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
VS 


FREE-AIR TEMPERATURE 
















25 
: ee Wee ah ot al 
E 
a, 
> fe a ae 
i) 20 
: fear ae ae ae a ae 
8 = ———_ a 
3 15 a TL811c —* ae ae 
: a Lt 
@ 
s 
: Ce cll ol alee tite sli 
> 10 
3 
c 
o 
2 Vec+ = 12V 
a 2 Vec-=-6V 
a Vo =01t02.5V 
Zz No load 

ft) 
—75 —-50 -25 0 25 50 75 100 125 


T a—Free-Air Temperature—°C 


FIGURE 1 


TL811M 
VOLTAGE TRANSFER CHARACTERISTICS 


Vo—Output Voltage—V 


Vec+2=12V 


Vec—=-6V 
Rg = 502 
No load 





Vip—Differential Input Voltage—mV 


FIGURE 3 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 


SUPPLY VOLTAGE 


Vo=0to2.5V 
No load 





Avp—Differential Voltage Amplification—V/mV 


13 
Vcc+—Positive Supply Voltage—V 
FIGURE 2 


TL811C 
VOLTAGE TRANSFER CHARACTERISTICS 


Vo—Output Voltage—V 


Voc+ = 12V 
Vec—=-6V 
Rg = 502 

No load 





Vip—Differential Input Voltage—mV 


FIGURE 4 
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TYPES TL811M, TL81IC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





Differential 
Input Voltage 


Vo—Output Voltage—V 


Vic—Common-Mode 
Input Voltage—V 


Vo—Output Voltage—V 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 





Voc+=12V 
Vcec—=-6V 
RL= 

CL =5pF 
Ta = 25°C 


80 100 120 140 


t—Time—ns 


FIGURE 5 


COMMON-MODE PULSE RESPONSE 





0 40 80 


t—Time—ns 


FIGURE 7 


*Vec+=12V 
Vcc—=—-6V 
No load 
Ta =25°C 


120 140 


Strobe Voltage—V 


Vo—Output Voltage—V 





STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 


fled Se Weeds ti 
+f 















Vec+=12V 
Vcec—=-6V 
Ry, =e 

Ci = 5pF 


0 5 10 15 20 25 30 35 40 
t—Time—ns 


FIGURE 6 


TEST CIRCUIT 
FOR FIGURE 7 
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TYPES TL81iM, TL81IC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT TOTAL POWER DISSIPATION 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


100 






Vec+2=12V 
Vcc—=-6V 
Vip = —-10 mV 
No load 


Vec+ = 12 V 
Voc—=—-6V 98 


96 





See Note 4 


25% 
tt ty 


Pit ttt 
SRE EESS 


94 


q 






11B—Input Bias Current—pA 
Pp—Total Power Dissipation—mW 
fe) 
° 





—-75 -50 —25 0 25 ~=50 75 100 125 





Ta—Free-Air Temperature— C Ta—Free-Air Temperature—C 
FIGURE 8 FIGURE 9 


NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, 
Vo = 1.8 V at Ta = -55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for TL811C, Vo= 1.5 Vat Ta = 0°C, 
Vo =1.4V at Ta = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold 
voltages of the types of digital logic circuits these comparators are intended to drive. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


BULLETIN NO. DL-S 7611450, MARCH 1971—REVISED JUNE 1976 





FORMERLY SN52820, SN72820 


e Fast Response Times e Low Offset Characteristics 


e High Differential Voltage Amplification e Outputs Compatible with Most TTL 
and DTL Circuits 


; JORN 
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW) 


COMPARATOR NO. 1 
NON. COMPARATOR NO. 2 


INV 
Vcc-— INPUT INPUT GND Vcc+ NC OUTPUT 


NONINVERTINGG 
INPUT 


INVEATING 
INPUT 


OuTpuT NC Vcc+ NC NON. INV Vec-— 
INV INPUT 
INPUT 





COMPARATOR NO. 1 
COMPARATOR NO. 2 





Resistor values are in ohms. 


NC—No interna! connection 
Component values shown are nominal. 


description 


The TL820 is an improved version of the TL720 dual high-speed voltage comparator. Each comparator has differential 
inputs and a low-impedance output. When compared with the TL720, these circuits feature high amplification (typi- 
cally 33,000) due to an extra amplification stage and increased accuracy because of lower offset characteristics. They 
are particularly useful in applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed 
limit detector. The TL820M is characterized for operation over the full military temperature range of —55°C to 125°C; 
the TL820C is characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 2. 2 ww ek ee ee ee ee ee ee ee TAY 
Supply voltage Vcc_ (see Note 1) 2. 2 2... ee ee ee ee ee ew ATV 
Differential input voltage (see Note 2) S. ihe r i a - t,o ages eee Ge > wh es Se RE: ee & es alte ee EO 
Input voltage (any input, see Note 1) 2. 2. 2 ww we ee ee ee eee ee ee ee ee ee ee ew 6 ETN 
Peak output current (ty, <1 s) Se git ee ay OBS! ME Se OB ek ee ee CA we a ae es Se 
Continuous total power dissipation at (or below) 70°C free-air temperature: each comparator. . . . . . . 300mW 
total package, (see Note 3). . . 600 mW 

Operating free-air temperature range: TL820M Circuits be ad RORY Eek KS ee ae BEE 0:125°C 
TES20C Circuits: -s 2 Ne. ook a we ee ee So) wes OC te: 70°C 

Storage temperaturerange . 2... 1 we ee ee ee ee ee ee ee) 6 = BEPC to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J package b Sc oh hd) Se ee ae a Oe 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . .......2.2.2.2.+. 4... .~ 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, Vcc— =—6V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
Rs < 2, 25°C 
Vio Input offset voltage s < 200 5° 
See Note 4 Full range 





TL820C 







L820M 


2 





T 
MIN 


< 


3 
: 


= 
za 
3 
Vv 
z 
onlin > 






uVPC 









% Average temperature coefficient Rs = 502, 
vio of input offset voltage See Note 4 
Average temperature coefficient Seemniea Cc 
ro ee No 
0 of input offset current r 25°C to MAX 
yv Common-mode input Vv Vv 
ICR voltage range cc- 


[Vip Differential input voltoge range | 
voltage amplification Vo = O0t0o2.5V 
Vip =S mv 
Vip = 5 mV, 
Vip = -SmvV, 


fo Output resistance Vo = 1.4V 
CMRR Common-mode rejection ratio Rs < 2002 Full range 1 


' Supply current from Voc+ 
CC+ 
(each comparator) 
Supply current from Vcc... 
tcc— 
(each comparator) 
Total power dissipation 
(each comparator) 


0.75 


Ww 





Input offset current 





ho 





nAPc 


= 
foo] 
wd 


nj om 
ele = 
=) = 2 
aj os os 
| 3 é 
S| & e 
ot 
~ 
= 
wo 
| 
~) 
Oo 





5°C 


Ln] 
~ 
© 
[m) 
GQ 


< 
— 
3 

< 


0 










Vou High-level output voltage 






oO 
+ 


lo. . Low-level output current 








rm tiniuuemn 
S] & es 
-~ | aids 
z) 8 2 
o | 3 |8 










Full range 







Vip = —5S mV, 


= § was 
No load ae 


wd 


—3.58 _ 


~ 


Full range 


te] 
=) 
on 
~J 
°o 
wa 
8 
a) 






3. 
2 


Full range 150 150 


Pp 





TFull range (MIN to MAX) for TL820M is —55°C to 125°C and for the TL820C Is O°C to 70°C. 


+The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, ¢.g., when O V is the maximum, the minimum limit is a more-negative voltage. 


8 These typical values are at Ta = 25°C. 


NOTE 4: these characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo = 
18 Vat Ta, = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo=1VatTa*# 125°C; for TL820C, Vo 71.5 VatT, = o’C, Vo=1.4V 
at 25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circults theses comparators are Intended to drive. 


switching characteristics, VCC+ = 12 V, Vcc— = —6 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


NOTE 5: The response time specified Is for a 100-mV input step with 5-mV overdrive. 


For typical characteristic curves, see the TL810 data sheet on page 193. 
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LINEAR TYPE uA710M 
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATOR 


BULLETIN NO. DL-S 7612415, JUNE 1976 





e Fast Response Times 
e Low Offset Characteristics 
e Output Compatible with Most TTL and DTL schematic 


Circuits 
e Designed to be Interchangeable with Fairchild 
uA710 
description 


The uA710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance out- 


put. Component matching, inherent in silicon inte- NONINVERTING ¢ 
grated circuit fabrication techniques, produces a INVERTING g 
comparator with low-drift and low-offset character- 

istics. This circuit is especially useful for applications GNOe 


requiring an amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. The 
uA710M is characterized for operation over the full 
military temperature range of —55°C to 125°C. 





Component values shown are nominal, 


terminal assignments 


J JG 
DUEL-IN-LINE DUEL-IN-LINE L U FLAT PACKAGE 
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW). (TOP VIEW) 





nc VCC+ NC OUTPUT NC 





NONINVEATING 
INPUT ® 


INVERTING 
tNPUT 


NC GNDNONIN. INVERT-NC Vcc- NC GND NON. INV Vocc_ 
VERTINGING INPUT INV INPUT GND NONIN- INVERT NC Vcc 
INPUT INPUT 


PIN @rs IN ELECTRICAL CONTACT WITH CASE. incor ING INPUT 


NC—No Internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (seeNote1) 2... 1 we ee ee ee we ee ee te ee ee eee TAN 
Supply voltage Vcc— (see Note 1) . 2. 2 2 1 1 ee ee ee ee te ee eh ee ee IV 
Differential input voltage (see Note2) «ww ww ee ee ee ee et ee ee ee ee el ee 6K 
Input voltage (eitherinput,see Note 1) . . . 2... ew ee ee ee ee ee +7 V 
Peak output current (twS1s) ..... iss ig? GE ieee “ah sean fe 8s ie -ae “10 mA 
Continuous total power dissipation at (or below) 25° c fee -air ert nabattite iG Bae as ee eee ee oe BOO MW. 
Operating free-air temperaturerange . . 2. 1 ew ee ee ee ee ee ee ee eee 55°C to 125°C 
Storage temperature range .. . Soulie 1G: <foe-08s Ge “tke Be Bae hee Ba ee a @ 65°C t0.150°C 
Lead temperature 1/16 inch from case for 60 sasnnile im sighed eae Ss A, Se le Hh Ete hE “o, oe BOO 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPE uA71i0M 
DIFFERENTIAL COMPARATOR 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX UNIT 


25°C 
VIO Input offset voltage Rs § 2002, See Note 4 jay 
Average temperature coefficient 
evio Sian Rs < 502, See Note 4 uVvic 
of input offset voltage 
25°C 
lio Input offset current See Note 4 
Average temperature coefficient —55°C to 25°C 
aWHO . See Note 4 . . 
of input offset current 25 Cto125 C 
25°C 
Input bias current See Note 4 


'B 

VI Input voltage range Vec—=-7V 25°C 

Vib Differential input voltage range Pict ye ien ieee a ee 25°C 
A 


3 
7 


nALc 
75 


1 


| 


+ 


| 


+ 
Large-signal differential 25°C 


VD ee No load, See Note 4 
voltage amplification 


25°C 
25°C 
25°C 

lo. Low-level output current Vip =—-5 mv, —55°C 
125°C 

fo Output resistance 25°C 

(10 mV for wp) 25°C 


Pp Total power dissipation No load 25°C 


1250 1700 


—0.5 


Sieg 

No PN 

qw}o 
oO 
+t 


e 


wn 
_ 
~J 


75 

5 

2.5 3.2 
100 


é —7 





mV 
| dB 
| mW 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 
Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C, These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 


T Full range for uA710M is —55°C to 125°C. 


The algebraic convention where the more-positive (less-negative) limit is designated as maximum is used In this data sheet for logic levels only, 
e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage. 


switching characteristics, VCC+ = 12 V, Vec— = —6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 





No Toad Seo Note 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 





TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 








es £3 

5 = 2 > 100 mV 

£3 = 2 ia Tan aeesaee 
ae a2 
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FIGURE 1 FIGURE 2 
COMMON-MODE PULSE RESPONSE OUTPUT VOLTAGE 


vs 
ELAPSED TIME 


vs 
FREE-AIR TEMPERATURE 
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TOTAL POWER DISSIPATION 
vs 
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TYPES wA711M, uA7IC 
LINEAR INTEGRATED DUAL-CHANNEL DIFFERENTIAL COMPARATORS 
CIRCUITS WITH STROBES 


BULLETIN NO. DL-S 7611442, FEBRUARY 1971—REVISED JUNE 1976 





FORMERLY SN52711, SN72711 


e Fast Response Times @ Output Compatible with Most TTL and DTL Circuits 
e Low Offset Characteristics @ Designed to be Interchangeable with Fairchild »A711 and uA711C 


description schematic 
The uA711 is a high-speed dual-channel comparator frmoee)—uirut stone? 
with differential inputs and a low-impedance output. 
Component matching, inherent with silicon mono- 
lithic circuit fabrication techniques, produces a 
comparator circuit with low-drift and low-offset 
characteristics. An independent strobe input is 
provided for each of the two channels, which when IvERting | 
taken low, inhibits the associated channel. If both srl 
strobes are simultaneously low, the output will be 
low regardless of the conditions applied to the 
differentia! inputs. The comparator output pulse 
width may be “‘stretched’”’ by varying the capacitive 
loading. These dual comparators are particularly 
useful for applications requiring an amplitude- 
discriminating sense amplifier with an adjustable threshold voltage. The uA711M is characterized for operation over 
the full military temperature range of —55°C to 125°C; the uA711C is characterized for operation from O°C to 70°C. 

terminal assignments 


L JOR N U FLAT PACKAGE 
PLUG-IN PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW) (TOP VIEW) 


INVERTING 


n NONINVERTING 





STROBE STROBE 
1 GND Vcc+ OUTPUT 2 NC STROBE 1 GND Vcc+ OUTPUT STROBE 2 





NC INV NON: Voc-NON- INV NC 
INPUT 1 INV INV INPUT 2 
iNPUT 1 INPUT 2 


PIN 5 1S IN ELECTRICAL CONTACT WITH THE CASE 





NC—No Internal Connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 














Supply voltage Vcc+ (see Note 1) 
Supply voltage Vcc— (see Note 1) PE a ae ee 
Differential input voltage (see Note 2) +5 +5 
Input voltage (any input, see Note 1) 
Strobe voltage (see Note 1) a ee ee 
Peak output current (tw < 1 s) | =65600C | BOT mA 
Continuous total power dissipation 
| atlorbeon) 70°Gtreeaitenpersureteenoes) || 
[Operating free-air temperature range SSSCSC~“~*‘“‘“~*~*~‘*~*~*~*~*rC BT TH] TOTO 
| Storage temperaturerange |—65 to 150 | 
3 


Storage temperature range —65 to 150 | —65 to 150 
C 


00 
Lead temperature 1/16 inch from case for 60 seconds J,L,orU package { 300 | 300 | 
Lead temperature 1/16 inch from case for 10 seconds } 260 | 260 — 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal, 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal, 
3. For operation of uA711M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 




















N package 
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TYPES uA71IM, uA7IIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





electrical characteristics at specified free-air temperature, VcC+ = 12 V, Vcc— =—-6 V 
(unless otherwise noted) 


— uA711IM uA71IC 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX|MIN TYP MAX 


Rs < 2002, Vic = 9, 25°C 
See Note 4 Full range 
Rs < 2002, 25°C 
S te 4 Full range 


ee No 
Average temperature coefficient] Rg < 200 2 Vic =9, 
a : Full range 
of input offset voltage See Note 4 
oa 




















Vio _ Input offset voltage 


3 S$ 
ba = 


= 
< 
~ 
to] 
O 


NO 
oO 


VIO 
25°C 
ho Input offset current See Note 4 
Full range 
. 25°C 
lip Input bias current See Note 4 
Full range 
VI 
Vip 


I}L(S) Low-level strobe current Vistrobe) = 9, Vip = 10 mv 25°C 


25°C 
voltage range 
AD Large-signal differential 25°C 700 =1500 
voltage amplification Vo =0to2.5V Full range 
Vip=10mV, IloH=0 25°C 


Vip=10mV, toH=—-5mA 25°C 2.5 3.5 
Vip =—-10 mV, lo_ =0 25°C —1 ot -1 -05 


Hoe mV, V(strobe) = 0.3 V, 56°C = 
ee fos os [0s 08 

fo Output resistance 25°C 200 200 
CMRR Common-mode rejection ratio 25°C 


lcc+ Supply current from Vec+ Vip =—5 V to5V (—10 mV for typ), 


Icc— Supply current from Vcc— Strobes alternately grounded, 


Pp Tota! power dissipation No load 


N 
on 
~J 
or 


| 
= 
NO 


—2.5 —1.2 —2. 


=, 


3/3 3 r = 
2/3]3lali3} < | <| | | <|43/3 [5 


< 


+ 


+ 


ii 


VoH High-level output voltage 


NO 


I+ I+ 
on oi an 
Lee) 
on pr 
N) ™ 
oO on uo o 
++ 
> 


| 
ed 
on 





VoL Low-level output voltage 


i) 
pag 
J 
-_ 
Oo 
aa 


~J 
o 
wo 
So 







NO 
oO 

¢ 
io) 


_ 
WwW 
i=) 


200 130 230 





NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo=18V 
at Ta = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for uUA71IC, Vo = 1.5 V at Ta = 0°C, Vo = 1.4 V at 
TA = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 


TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open. The strobe of the other channel is 
grounded, Full range for uA711M is —55°C to 125°C and for the uA711C is OC to 70°C. 


tthe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when O V is the maximum, the minimum limit is a more-negative voltage. 






switching characteristics, Vcc+ = 12 V, Vcc— =—6 V, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX {MIN TYP MAX 


[ Remponsetime __——~—~—~S~=*diN@ Toad, ——_—See Note 5 a eof a0 |e 
[Strobe release tine | Noload, See Note6 a 2 














NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPES uA711M, uA71iC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
vs Vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 

2000 3000 
Vec+=12V 

1800 Vcc—=-6V 
No load ‘2500 

1600 See Note 4 


1400 
2000 


1200 


1000 1500 


800 


1000 
600 


Ayq—Differential Voltage Amplification 


400 


Ayqg—Differential Voltage Amplification 


200 





—75 -50 -25 0 25 50 75 100 125 10 11 12 13 14 


+ ° 
TA—Free-Air Temperature—'C Vec+—Positive Supply Voltage—V 


FIGURE 1 FIGURE 2 
INPUT BIAS CURRENT TOTAL POWER DISSIPATION 5 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcec+=12V 
Vcc—=-6V 
No load 


8 


'yg—Input Bias Current—uA 
Pp—Total Power Dissipation—mW 





-75 -—50 -—25 0 25 50 $75 $§j§100 125 





Ta—Free-Air Temperature— C 


Ta—Free-Air Temperature— C 


FIGURE 3 FIGURE 4 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8 V 
at Tp = —55°C, Vo = 1.4 V at Ta = 25°C, and Vo = 1 V at Ta = 125°C; for uA711C, Vo = 1.5 V at Ta = OC, Vo = 1.4 V at 
Ta = 25°C, and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types of digital logic circuits these comparators are intended to drive. 
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TYPES uA71iM, uA7IIC 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 





TYPICAL CHARACTERISTICS 


uA711M uA711C 
VOLTAGE TRANSFER VOLTAGE TRANSFER 
CHARACTERISTIC CHARACTERISTICS 


Vo—Output Voltage—V 
Vo—Output Voltage—V 





-5 -4 +3 -—2 -1 0 1 2 3. 4 5 


Vip—Differential t!nput Voltage—mV 


Vip—Differential Input Voltage—mV 
FIGURE 5 FIGURE 6 


OUTPUT RESPONSE FOR STROBE RELEASE TIME 
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES 


Vec+=12V 
Vcc-— = -6V 


Differential 
Input Voltage 


Vec+ = 12 V 
SRERRREREREE 
ele e h 2 eas: | oNeifesd 
fesfeli hese este ctl pas 
5 Ca 
, Spe Seen 


— 


A SeueD7 47 aeemae 






Strobe Voltage—V 


ne 
Seen//J274necaene 


0 a 7 a 


ra Bal 
2 PEPER Eee 
oy beste er | 


0 20 40 60 80 100 120 


t—Time—ns t—Time—ns 





Vo—Output Voltage—V 
Vo—Output Voltage—V 


0 5 10 158 20 25 30 35 40 


FIGURE 7 FIGURE 8 
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VOLTAGE REGULATOR SELECTION GUIDE 





VOLTAGE REGULATORS 


adjustable voltage regulators 


Output voltage 


POSITIVE 


Input voltage 
p g M 


Input-to-output voltage 
difference, minimum 


Output current, maximum 
Standby current, maximum 





adjustable shunt regulator 





























Reference Temperature Differential Reference 
: Regulator 
Input Coefficient Regulator Input 
Current 
Voltage of Vrot Resistance Current 
Range 







TYP TYP TYP MAX 


fixed voltage regulators 


POSITIVE | —SsNEGATIVE 
uA78XX uA78MXX uA78LXX uA79MXX UNIT 
SERIES SERIES SERIES SERIES 


Nominal output voltage | 5 SEE LISTING BELOW FOR OUTPUT VOLTAGES AVAILABLE 


MIN 
Input voltage ae SEE INDIVIDUAL DATA SHEETS 
Input-to-output voltage 17 
differential, minimum : 


Output current, maximum [500 | 1500, | 500, | t00 =| ts00_— | 500 | mA 
Standby current [a FR (a ( ( 


T2 mA to 3.5 mA, depending on individual type 


SABE OUTPUT | 26v0 5V 6V G2V. 8V B85V 12V. 15V. 18vV. 20v_ 24 
VOLTAGES — 


uA78XX SERIES 
uA78MXX SERIES 
uA78LXX SERIES 
uA79XX SERIES (—) 
uA79MXxX SERIES (—) 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 





SERIES REGULATORS 


Input Regulation 


The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from one 
level to another level. 
NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 


Ripple Rejection 


The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 
NOTE: This is the reciprocal of ripple sensitivity. 


Ripple Sensitivity 
The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the 
peak-to-peak input ripple voltage. 


NOTE: This is the reciprocal of ripple rejection. 


Output Regulation 


The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from one 
level to another level. 


Output Resistance 
The output resistance under small-signal conditions. 
Temperature Coefficient of Output Voltage (ayo) 


The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in 
temperature. This is the average value for the total temperature change. 


Vo atT2—VoatT i} 100% 
Vo at 25°C T2-T] 





avo =+ 
Output Voltage Change with Temperature 


The percentage change in the output voltage for a change in temperature. This is the net change over the total 
temperature range. 


Output Voltage Long-Term Drift 


The change in output voltage over a long period of time. 


Output Noise Voltage 


The rms output noise voltage, sometimes expressed as a percentage of the dc output voltage, with constant load and no 
input ripple. 


Current-Limit Sense Voltage 


The current-sense voltage at wich current limiting occurs. 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 





Current-Sense Voltage 


The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 


Dropout Voltage 


The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 


Feedback Sense Voitage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 
Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 
Bias Current 


The differance between input and output current. 
NOTE: This is sometimes referred to as quiescent current. 


Standby Current 
The input current drawn by the regulator with no output load and no reference voltage load. 
Short-Circuit Output Current 
The output current of the regulator with the output shorted to ground. 
Peak Output Current 6 


The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator. 





SHUNT REGULATORS 
NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 
Shunt Regulator 
A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across 
its terminals an essentially constant voltage throughout a specified current range. 
Anode 
The electrode to which the regulator current flows within the regulator when it is biased for regulation. 


Cathode 


The electrode from which the regulator current flows within the regulator when it is biased for regulation. 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 





Reference Input Voltage (Vref) (of an adjustable shunt regulator) 
The voltage at the reference input terminal with respect to the anode terminal. 


Temperature Coefficient of Reference Voltage (aVref) 


The ratio of the change in reference voltage to the change in temperature. This is the average value for the total 
temperature change. 


To obtain a value in ppm/°C: 
Vref at T2 — Vref at T4 106 





OVref = 
Vref at 25°C T2-T1 


Regulator Voltage (Vz) 

The dc voltage across the regulator. 
Regulator Current (Iz) 

The de current through the regulator when it is biased for regulation. 
Regulator Current near Lower Knee of Regulation Range (I7«) 


The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the 
breakdown knee of a regulator diode. 


Regulator Current at Maximum Limit of Regulation Range (Iz) 


The regulator current above which the differential resistance of the regulator significantly increases. 





Differential Regulator Resistance (rz) 


The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator 
when it is biased for regulation. 


Noise Volage (Vpz) 


The rms noise voltage with the regulator biased for regulation and with no input ripple. 
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LINEAR 
INTEGRATED CIRCUITS 







FORMERLY SN52104, SN72104 
e Typical Load Regulation... 1mV 
e Typical Input Regulation... 0.06% 


Respectively 
description 


The LM104, LM204, and LM304 are monolithic 
integrated circuit voltage regulators that can be 
programmed with a single external resistor to provide 
any voltage between —40 volts and approximately 
O volts while operating from a single unregulated 
negative supply. When used with a separate floating 
bias supply, these devices can provide regulation with 
the output voltage limited only by the breakdown 
characteristics of the external pass transistors. 


Although designed primarily for application as linear 
series regulators at output currents up to 
25 milliamperes, the LM104, LM204, and LM304 can 
be used as current regulators, switching regulators, or 
control elements with the output current limited by 
the capability of the external pass transistors. The 
improvement factor for load regulation is approxi- 
mately equal to the composite current gain of the 
added transistors. The devices can be used in either 
constant-current or fold-back current-limiting applica- 
tions. 


The LM104 is characterized for operation over the 
full military temperature range of —55°C to 125°C; 
the LM204 is characterized for operation from 
—25°C to 85°C; and the LM304 is characterized for 
operation from 0°C to 70°C. 


schematic 


ADJUSIMENT 


REFERENCE 
INPUT 


UNREGULATED 
INPUT 


REFERENCE 
SUPPLY 


Component values shown are nominal, 
Resistor values are in ohms. 


e Designed to be Interchangeable with National 
Semiconductor LM104, LM204, and LM304 


TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612052, SEPTEMBER 1973-REVISED JUNE 1976 


REFERENCE 


REFERENCE 


SUPPLY 





L PLUG-IN PACKAGE 
(TOP VIEW) 


REGULATED 
OUTPUT 


BOOSTER 
OUTPUT 











UNREGULATED 
INPUT 


PIN 51S IN ELECTRICAL CONTACT 
WITH THE CASE 


JOR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 
BOOST- CUR: 


REG ER RENT UNREG 
GND OUTPUT OUTPUT LIMIT INPUT 


NC REF COMP 
SUPPLY 


REGULATED 
OuTPUT 


BOOSTER 
ouTPuTt 


COMPENSATION 
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TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 










Input voltage (see Note 1) 


Input-to-output voltage differential 
Continuous total dissipation at (or below) 25°C J or N package | 1000 


free-air temperature (see Note 2) 800 
[Operating free-air temperaturerange——=S~SC~“—*~S*~S*S*S*~SCSCSCSCSCS~*sS BB YO 1H | 2H HHS | OtOTO | CC 
[Storage temperature range ——=S=S~C~=“~‘“‘“~*S*‘“‘“‘“~*‘“*‘“*~*S*S*S*C*S*~S*S*S*S*~S St 15 | 0 to 150 | —UH tO 10 | | 
300 | 300 


NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105 °C/W. 






recommended operating conditions 


M 


Pinput voltage, Vj SSCSCSC~—sSCSC‘C;~C~;~C~CS~SCSCSCST SCO 2 FO] 8 40] VV 
Input-to-output voltage differential, Vj — Vo a 















-2_-50{  -2) -50 

lo<5 mA 05 ~50| -05 50 
Output current, lo 20 20 
Operating free-air temperature, Ta | =-55 125] -25 85 | 






electrical characteristics over recommended ranges of input and output voltage and operating 
free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 
; Vo=—-SVtoMAX, Av, =0.1 Vj, 
Input regulation 
See Notes 3 and 4 
uc Ci= 10uF, V; = —15 V to MAX 
Ripple sensitivity 
f = 120 Hz Viy=—7Vto-15V 
Iq = Oto 20mA, Rec = 152, 
Output regulation O sc 
See Note 3 


Vo =—5V to MAX, 
f = 10 Hz to 10 kHz 


Output noise voltage 


Bias current 


T Fer conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 us, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltages due to large changes in internal dissipation must be taken into account separately. 





4. At zero output voltage, the output variation can be determined using the ripple sensitivity. At low voltages (i.e.,0 to —5 V), the 
output variation determined from the ripple sensitivity must be added to the variation determined from the input regulation to 
‘determine the overall tine regulation. 
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TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 





TYPICAL APPLICATION DATA 












+ Cl 
10 pF 


4.7 pF a 
tantalum 


~ tantalum 






Rit 
= R22) Vo=-10V 
2.4 ks Yor 2.4 Ae lIo<2A 






REF 
SUPPLY 









BOOSTER 







OUT 
‘i V, = -12 V to MAX UNREG 
INPUT CURRENT Canara 
2 COMP LIMIT 





4.7 uF al 


FIGURE 1—BASIC REGULATOR CIRCUIT FIGURE 2—HIGH-CURRENT REGULATOR 


Ci 
80 uF 
tantalum 





2.4 ko 


REF 
SUPPLY 


Vpjiag = 10 V 
Bias BOOSTER 


V1 


L1: 60 turns #20 on Arnold Engineering A930157-2 
molybdenum permalloy core, or equivalent 


FIGURE 3—SWITCHING REGULATOR FIGURE 4—OPERATING WITH SEPARATE BAIS SUPPLY 


tTrim R1 for exact scale factor, 
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LINEAR TYPES LM105, LM205, LM305, LM305A, LM376 
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612057, SEPTEMBER 1973—REVISED JUNE 1976 





FORMERLY SN52105, SN72305, JG ORP 
SN72305A, SN72376 DUAL-IN-LINE PACKAGE (TOP VIEW) | 
e Low Standby Current ...0.8 mA Typ (ATED SHUT. FEED- BY. 


OUTPUT DOWN BACK PASS 


e Adjustable Output Voltage 


© Load Regulation ...0.1% Max 
(LM105, LM205, LM305) 


e Input Regulation. ..0.06%/V Max 


e Designed to be Interchangeable with 
National LM105, LM205, LM305, LM305A, 
and LM376 Respectively CUR’ BOOST-UNREG GND 


RENT £R- INPUT 
LIMIT OUT- 


description 





The LM105, LM205, LM305, LM305A and LM376 
are monolithic positive-voltage regulators designed for 
a wide range of applications from digital power 


L 
PLUG-IN PACKAGE (TOP VIEW) 


REGULATED 


supplies to precision regulators for analog systems. OUTPUT 

These devices will not oscillate under conditions of Seacens COMPENSATION/ 
varying resistive and reactive loads and will start LIMIT 

reliably with any load within the rating of the 

circuits. 


BOOSTER FEEDBACK 
OUTPUT 


The M105 is characterized for operation over the 
full military temperature range of —55°C to 125°C; UNREGULATED REFERENCE 
the LM205 is characterized for operation from 

—25°C to 85°C, and the LM305, LM305A, and 
LM376 are characterized for operation from O°C 
to 70°C. 


PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 





schematic 


UNREGULATED __[3) 





BOOSTER OUTPUT 


CURRENT LIMIT 


REGULATED OUTPUT 


COMPENSATION 
SHUTDOWN 


FEEDBACK 


REFERENCE BYPASS 


Component values shown are nominal. 
Resistor values are in ohms. ‘ 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 









| fm 
30 300 300 300 2c 

for 60 seconds: JP or L package 

Lead temperature 1/16 inch from case 260 

for 10 seconds: P package 

NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal. 


2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, Rac, of not more than 105°C/W. 


recommended operating conditions 


M3 

LMmi05 M205 La0sA | uMs05 [M376 | 

CN OR a a 
Ourput voltage, Vo | 45 40 | 45 40 | 45 40 | 45 90 v 
differential, Vji-Vo 

[_Outpureurrentio _|o io 2 | 

Operating free-air 0 70 0 70 0 70 °C 

temperature, TA 

LM105, LM205, LM305 electrical characteristicst at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS LM105, LM205 LM305 


MIN TYP MAX| MIN TYP MAX 
a Geer ate 0.025 0.06 0.025 0.06 
0.015 0.03 0.015 0.03 
Cref = 10 HF, f = 120 Hz 0.003 0.01 0.003 0.01 | %/V 
0.02 0.05 0.02 0.05 
Ip =O tolg = 12 mA, | Rgc=102, Ta=MIN | 0.03 0.1 
See Note 3 0.03 0.1 


Rsc = 152, Ta = MAX 


Output voltage change Ta = MIN to Ta = 25°C 
with temperature = 






800 
0 





° 
QO 


























Cc 
= 
~ 











3 
— 
< 









a 


Output regulation (see Note 4) 















Ta = 25°C to Ta = MAX 


Cref = 0 
Output noise voltage f = 10 Hz to 10 kHz 
Cref > 0.1 pF 


Feedback sense voltage a Kc 


Current-limit sense voltage Rsc= 10 Q, Vo=0, See Note 5 225 300 375 | 225 300 375 
Standby current a aA 
re TT a alee cao ee RE Re eee 
. V,)=40V oe 


Tt These specifications apply for input and output voltages within the ranges specified under recommended operating conditions and for a 

divider impedance of 2 k©. presented to the feedback terminal, untess otherwise noted. 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 us, duty cycle < 5%) to timit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will 
be approximately equal to the composite current gain of the added transistors. 
5. Current-limit sense voltage is measured without an external pass transistor. 


8 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 





LM305A, LM376 electrical characteristicst at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS dE tas LM376 
MIN TYP MAX 


MIN TYP MAX 
Vi-Vo <5V 0.025 0.06 


0.03 
VI-Vo >5V See Note 3 0.015 0.03 0.03 
Ta = 0°C to 70°C 


Cref = 10uF, f=120H 0.003 
Ripple sensitivity ref P z 
Rgc=02, Ta=25°C 0.02 0. 
Iq = Oto Iq = MAX, 


Acne =0° 4 
‘See Note 3 scr 0s, TA- e _ 
Roc =02, Ta=70°C 0.03. 0.4 


Output voltage change TA =0°C to Ta = 25°C 
with temperature Ta = 25°C to Ta = 70°C 
) 
Output noise voitage f = 10 Hz to 10 kHz 
Cref > 0.1 HF 0.002 


7 18 
Feedback sense voltage = = 
Ta =O CtoTa=70C 1.6 ae 2 


Current limit sense voltage Rsc = 10 2, Vo=O0V, See Note5 225 300 375 300 
V,; =50V 

Standby current 
V,; =30V 


TThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions, and for a 

divider impedance of 2 k{&2 presented to the feedback terminal, unless otherwise noted. 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 ws, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will 
be approximately equal to the composite current gain of the added transistors. 
5. Current-limit sense voltage is measured without an external pass transistor. 


TYPICAL APPLICATION DATA 






UNIT 





Input regulation %IN 











IN 









Output regulation (see Note 4) 






pe : EES 





x 


ao 


= 
~J 
NO 


= ae 












FEEDBACK 
ee 


R1+R2 
R2 





Vv 





Vo #17 


325 
Isc S eee TMA 


Rsc 
FIGURE 1—BASIC REGULATOR FIGURE 2—LINEAR REGULATOR 
WITH CURRENT LIMITING WITH FOLDBACK CURRENT LIMITING 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 





TYPICAL APPLICATION DATA 


Vo=r5Vv 


500 yF, 
10V 
a Electrolytic 








SHUTDOWN 
REF 
BYPASS FEEDBACK 

et | 


FIGURE 3-—10-A REGULATOR WITH 
FOLDBACK CURRENT LIMITING 





4.7 uF + 


Solid 
tantalum | i 





2N3714 






OUTPUT 


COMP 
SHUTDOWN 


FEEDBACK 


OUTPUT 


COMP 
SHUTDOWN 







vl 





T Protects against input voltage reversal. 
*Protects against shorted Input or inductive loads on unregulated supply. 


$Protects against output voltage reversal, 


FIGURE 5—1-A REGULATOR WITH 


FIGURE 4—CURRENT REGULATOR 
PROTECTIVE DIODES 


1N4728 
3.3V 













UNREG OuTPUT 


INPUT COMP 
SHUTDOWN 


FEEDBACK 
GND 







6202 | 11.1k2 






SHUTDOWN 







REF 
BYPASS 






FEEDBACK 
GNO 







Vi, =15V 
Vo=10V 
FIGURE 6—SHUNT REGULATOR FIGURE 7—SWITCHING REGULATOR | 
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LINEAR TYPES LM109, LM209, LM309 
INTEGRATED CIRCUITS 5-VOLT REGULATORS 


BULLETIN NO. DL-S 7612056, SEPTEMBER 1973—REVISED JUNE 1976 





LA PLUG-IN PACKAGE 
FORMERLY SN52109, SN72309 (TOP VIEW) 


e No External Components Required for Most Applications 
e Output Current ...500 mA Max ae () 
e Satisfies 5-V Supply Requirements of TTL and DTL 


e Virtually Blow-Out Proof Due to Internal Current 
Limiting, Thermal Shutdown, and Safe-Operating- 


Area Compensation 
OUTPUT ane 


e Designed to be Interchangeable with National LM109, 
LM209, and LM309 Respectively 
PIN3 IS JN ELECTRICAL 


description CONTACT WITH THE CASE 





These monolithic 5-volt regulators are designed for use as local regulators to eliminate noise and distribution problems 
inherent with single-point regulation. They are specified under worst-case conditions to match the power supply 
requirements of TTL and DTL logic families. In other applications, these devices can be used with external components 
to obtain adjustable output voltages and currents or as the series-pass element in precision regulators. 


schematic 





Component values shown are nominal. 
Resistor vatues are in ohms, 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


LM109, LM209 LM309 UNIT 
Input voltage 


Continuous tota! dissipation at (or below) 25°C case temperature (see Note 1) Sat See eee ae 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) | 600— it 
Operating case or virtual junction temperature range 
Storage temperature range . 
Lead temperature 1/16 inch from case for 60 seconds 


° Nat Oh : ‘ 
NOTES: 1. Above 25°C case temperature, derate lineary at the rate of 40 mW/ C, or refer to Dissipation Derating Curve, Figure 1. 
2. Above 25°C free-air temperature, derate linearly at the rate of 4.8 mwW/°C, refer to Dissipation Derating Curve, Figure 2. 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 





recommended operating conditions 


i He MIN MAX 


Input voltage, V| 


Onrpureurrent.lo po 00 | 000] 800 | maa 
Operating virtual-junction temperature, Ty |--55  ——s-150 | 


electrical characteristics at specified virtual junction temperature 


LM109, LM209 
PARAMETER TEST CONDITIONSt —— UNIT 
MIN TYP MAX |MIN TYP MAX 


V}=10V, Io = 100 mA 25°C 48 5.0 5.2 
Ghmutvctas i tONe Nor 00mA. Jane | 5.0 5 8 : 
20 





















Viy=7Vto25V, lo =5mA to 200 mA| Full range | 4.6 5.4 4.75 5.25 


< 


Ripple rejection f = 120 Hz 
Output regulation 19 =5mA to lg = 500mA, See Note 3 


Output noise voltage | f = 10 Hz to 100 kHz rose | 40 


i ond 
<j< 


Standby current | Vi= 7 V to 25 V p10 | ma | 


z io = 100 mA P85 | 
Bias current change Mist Nae N oN: Oo Full range mA 
[9 = SmA to lg = 200A [08 


TFull range for LM109 is —55°C to 150°C, for LM209 is —25°C to 150°C, and for LM309 is OC to 125°C. All characteristics, except output 
noise voltage and ripple rejection, are measured using pulse techniques. ty < 10 ms, duty cycle < 5%. 


NOTE 3: Pulse techniques are used in testing to limit the average internal dissipation. Output voltage changes due to large changes in internal 
dissipation must be taken into account separately. 


3 
> 











THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


pt | | | 
PN 
ENNee 
PT INN | 












Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—mW 








1 
0 
0 25 50 75 100 125 150 0 25 50 75 100 125 150 
Tc—Case Temperature—°C Ta—Free-Air Temperature—C 
FIGURE 1 FIGURE 2 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 





TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 
vs OUTPUT VOLTAGE vs 
Vv 


VIRTUAL JUNCTION TEMPERATURE VIRTUAL JUNCTION TEMPERATURE 


CT rene 
See 
Sass 

eS 


s 
INPUT VOLTAGE 


Vo—Output Voltage—V 
Vo—Output Voltage—V 





Vi-Vo-—Input-to-Output Voltage Differential —V 


—60-40-20 0 20 40 60 80 100 120 140 





—60-40 -20 0 20 40 60 80 100120 140 


T)-Virtual Junction Temperature-°C Vj—Input Voltage—V Ty-Virtual Junction Temperature—C 
FIGURE 3 FIGURE 4 FIGURE 5 
RIPPLE REJECTION OUTPUT NOISE VOLTAGE OUTPUT IMPEDANCE 
VS vs vs 
FREQUENCY FREQUENCY FREQUENCY : 





10 






















TANT I —— 
PAT AT —- 
Bee ahi: ) : 

Salil ane scien =a 
2 | Lean Tpr 2 ON ¢ | | OA 
tT TAAL LMM ty = 28% THN ie === , | ee 
i J thn Sw - = s g [i 
BL UTIM UTM THE LAME SARS 3 ea 3 — <<. 
SE LTTE HII oe MI g Ett = aria ae 
°C OCT m= on LLL do aa 
z hs == Si —————— 

Bie TT UATE LIM ee : —— 

avi=3ve-0) {IIH [IM LTH ee a ame 

o LLM CHIT LIVE TET LL sal Sel 501 a 

0.01 0.1 1 10 100 1000 10 100 1k 10k 10 100 1k 10k 100 k 1M 

f—Frequency—kHz f—Frequency—Hz f—Frequency—Hz 
FIGURE 6 FIGURE 7 FIGURE 8 
STANDBY OR BIAS CURRENT BIAS CURRENT 
VIRTUAL SNGSION TEMPERATURE INPUT VOLTAGE 


Standby or Bias Current—-mA 
Bias Current—mA 





-60~40-20 0 20 40 60 80 100 120 140 


Vj—Input Voltage—V 


Ty—Virtual Junction Temperature—°C 


FIGURE 9 FIGURE 10 


T Data for virtual junction temperatures outside the ranges specified in the recommended operating conditions for LM209 or LM309 is not 


applicable for those types. 





TEXAS INSTRUMENTS 227 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 





TYPICAL APPLICATION DATA 


LM109/LM209/LM309 
INPUT IN OUT OUTPUT 
1 GND 
0.22 uF 
See Note A 


NOTE A: C1 is required if regulator is not located in close proximity to power supply filter. 


FIGURE 11-ADJUSTABLE OUTPUT REGULATOR 





LM109/LM209/LM309 LM101A/LM201A/LM301A 


uA777 







INPUT OUTPUT 


510 2 
0.2 % 
See Note B 















30 k2 


2N3993 1N829 


100 pF 





ake NOTES: A. AIS! capacitors are solid tantalum. 
6 B. This resistor determines zener current. Adjust to minimize thermal drift. 


FIGURE 12—HIGH-STABILITY REGULATOR 










LM107/LM207/LM307 
uA741 


LM109/LM209/LM309 


INPUT OUTPUT 


Vo=7Vto30V<Vij—-2V 


0.22 uF 10 kQ 


FIGURE 13—HIGH-STABILITY REGULATOR WITH ADJUSTABLE OUTPUT 
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FUTURE PRODUCT TYPES LM117, LM217, LM317 
TO BE ANNOUNCED 3-TERMINAL ADJUSTABLE REGULATORS 





JUNE 1976 

e Output Voltage Range Adjustable e Output Regulation Typically 0.1% 

from 1.2 V to 37 V e Peak Output Current Constant Over 
e Guaranteed IO Capability of 1.5 A Temperature Range of Regulator 

for TO-3 and TO-220AB Packages © Popular 3-Lead Packages 
e Input Regulation Typically 0.01% © Ripple Rejection Typically 80 dB 

Per Input-Volt Change 

terminal assignments 
KA PACKAGE KC PACKAGE LA PACKAGE 


(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OUTPUT INPUT ADJUSTMENT 


\ NPUT 
qe OUTPUT 
+H——_——— ADJUSTMENT C 4 

OUTPUT 


ADJUSTMENT 


TO-3 TO-220AB 





description 


The LM117, LM217, and LM317 are adjustable 3-terminal positive voltage regulators capable of supplying in excess of 
1.5 amperes over a range of output voltage of 1.2 volts to 37 volts. They are exceptionally easy to use and require only 
two external resistors to set the output voltage. Both input and output regulation are better than standard fixed 
regulators. The devices are packaged in standard transistor packages that are easily mounted and handled. 





In addition to higher performance than fixed regulators, these regulators offer full overload protection available only in 
integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass is 
needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. Since the regulator 
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not exceeded. It makes an especially simple adjustable switching 
regulator, a programmable output regulator, or, by connecting a fixed resistor between the adjustment terminal and the 
output, these devices can be used as precision current regulators. Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little 
current. 


The LM117 is characterized for operation over the full military temperature range of —55°C to 125°C. The LM217 and 
LM317 are characterized for operation from —25°C to 150°C and from O°C to 125°C respectively. 
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discontinue this product without notice. 


230 


TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 





schematic 









iy Ne 


All resistors values shown are nominal and in ohms, 






© OUTPUT 
O ADJUSTMENT 





absolute maximum ratings over operating temperature range (unless otherwise noted) 




















Vo fo ae vd 
KA (TO-Sipackage | 38 [35 | 35 

[KC (TO-220A8) packese || 2 {2 | Ww 
rtApeckage «| SC 
20 
at (or below) 25°C cose PKCpackage PSYC 
Operating ear cae, or vial netontempeatureronge [S510 189 | 2810180 | owt] "C_ 
[Storage temperature range ——=SCSC~*~‘“~*S*S*~*dtC LO NSO] OHO TBO | —SHTOTBO| eC — 


Lead t t 1/16 inch 
pad temperature, 1/15 Ihe KA and LA packages 300 300 300 °C 
from case for 60 seconds 
1 : 
Lead temperature 1/16 inch Re nadkase 260 20 
from case for 10 seconds 





Input-to-output differential voltage, Vj — 








Continuous total dissipation 
at 25°C free-air temperature 
(see Note 1) 
Continuous total dissipation 












NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4, 


recommended operating conditions 














KApackage | 1500 | 500 S| 15800 | 

mA 
KCpackee | =| ——S~iSOO | —SSCSC~«*SOO 
LApackoge | 500} ~—-s00_| ~—~S00_ 





Output current, lo 
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electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


LM117, LM217 LM317 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX |MIN TYP MAX 
. Ty= 25°C 0.01 0.02 0.01 0,04 
Input regulation See Note 2 
lo = 10 mA to MAX 0.02 0.05 0.02 0.07 
Vo = 10 V, f = 120 Hz 


Vo = 10 V, f = 120 Hz, 
: 66 80 6 
10 -uF capacitor between ADJ and ground 





Cc 
= 
+ 















ae 
ay 
< 


Ba 
< 








Ripple rejection 





















6 80 
5 a Ty = 25°C, See Note2. | Vo >5V 01 o3[ O41 O5] % 
utput regulation 
ote Io = 10 mA to MAX, | Vo <5V 20. 50 20. 70 | mv | 
See Note 2 Vo >5V 03 15 | % 
Output volt h 
with temperature 
Output voltage 
= After 1000 h at Ty = MAX 
long-term drift 0.3 1 0.3 1 % 
and V; — Vg = 40 V 
(see Note 3) 
Output noise voltage f= 10 Hz to 10 kHz, Ty = 25°C 0.003 0.003 % 
Minimum output current 
to maintain regulation 
Vj) -Vo <15V KA and KC packages 1.5 2.2 1.5 2.2 
05 08 05 08 
Peak output current A 
KA and KC packages | = 04s] 
Vi ~-~Vo <40V 
uA 
current 
Change in adjustment- Vi — Vo = 2.5 V to 40 V, 
, 0,2 5 pA 
terminal current lo = 10 mA to MAX 
Reference voltage Vi -Vo=3V to 40V, 
so tw che 1.2 1.25 1.3 | 1.2 1,25 1.3 V 
(output to ADJ) I9o = 10 mA to MAX, P < rated dissipation 





TUntess otherwise noted, these specifications apply for the following test conditions: Vi — Vo =5 V and Ilo = 0.5 A for the KA (TO-3) and KC 
(TO-220AB) packages and Io = 0.1 A for the LA package. For conditions shown as MIN or MAX, use the appropriate value specified under 
recommended operating conditions. 
Finput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 
NOTES: 2. Input regulation and output regulation are measured using pulse techniques (ty, < 10 us, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 





separately. 
3, Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to bea 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 


thermal characteristics 


Rgjc Junction-to-case thermal resistance 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 





THERMAL INFORMATION 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVES 


KA (TO-3) package 
derating factor = 28 mW/°C 
Raya © 35 C/W 


Derating factor = 333 mwW/°C 
above 90°C 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—W 





25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature— C Tc—Case Temperature—C 
FIGURE 1 FIGURE 2 
LA PACKAGE FREE-AIR TEMPERATURE LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
2.0 








100 |- Derating factor = 4.8 mW/°C 


Maximum Continuous Dissipation—mW 
Maximum Continuous Dissipation—W 
fo) 








Raja © 210°C/W 0.2 z 
- 0 | Derating factor = 67 mW/ C above 120 C \ 
25 50 75 100 125 150 25 50 75 100 125 150 
T a—Free-Air Temperature— C Tc—Case Temperature— C 
FIGURE 3 FIGURE 4 
PRINTED IN U.SA. ( 
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LINEAR TYPE TL430C 
INTEGRATED CIRCUITS ADJUSTABLE SHUNT REGULATOR 


BULLETIN NO, DL-S 7612414, JUNE 1976 





e Temperature Compensated 


JG LP 
e Programmable Output Voltage Bie NE eves SILECTT PACKAGE 
; (TOP VIEW) (TOP VIEW) 
e Low Output Resistance | 
e Low Output Noise REF NC A NC 
e Sink Capability to 100 mA 
description 


The TL430 is a three-terminal adjustable shunt 
regulator featuring excellent stability over tempera- 
ture, wide operating current range, and low output 
noise. The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 


The TL430 is characterized for operation from OC 
to 70°C. 


functional block diagram 
REF 


ANODE —_—e— CATHODE NC—No internal connection 
(A) (K) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 








Regulator voltage (see Note 1) Be dix gid «i a a 2d GSE “SPOS, ea A, Se eo ee Re cea OP 
Continuous regulator current .... ee de ewig at cote at a- JOO TMA 
Continuous power dissipation at (or below 25° c fee -air seriperauire ieee Note 9) a AE le Tims See ek HS es FOI 
Operating free-air temperature range... 1. kk ee ee ee ee ee ew es 60°C tO 70°C 
Storage temperature range .... be ok, Ab oben) tue-dae Es Gs we Vert S65 C16150 C 
Lead temperature 1/16 inch from case fot 60 Secrids: JG Nee Sig Bie we lve te, ty, ered ae ee Ge eet Be 2 OO 
Lead temperature 1/16 inch from case for 10 seconds: LP package .......2.2. 4. 2.6. 6.4 2 + 260°C 


recommended operating conditions 


MIN MAX UNIT 


REQUIAIOY VOltEGE; V7 ~e-cw ne ae Bee ee we, 4 Gh a ee RES we wae 6 eat 30 V 
Regulator current IZ ~ . a:4; & cards Ao ge He SO hs Bo Ra ge GS AOE Se 2 100 mA 
Operating free-air temperature, TA. ww ww ke ek ke ek a 0 70 He: 


NOTES: 1. All voltage values are with respect to the anode terminal. 
2. For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
FIGURE 
a : 


Vref Reference input voltage Vz = Vref, Iz=10mA | 2. 2.75 3 
Temperature coefficient of Vz = Veet, I7=10mA, s 
aVvret ine ee ie e £50 ppm/°C 
reference input voltage Ta =O Cto7O0C 
; Iz =10 mA, R1=10kQ, 
lref Reference input current 2 3 10 
R2=e 
' Regulator current near lower VoeV 06 9 
ék knee of regulation range 2 ba 
' Regulator current at maximum V2 = Vref 2: ee 
om limit of regulation range cn 















Vz =5 V to 30 V, See Note 3 


ae ae 
Differential regulator resistance VzZ= Vref, 
Vaz Noise voltage 


f = 0.1 Hz to 10 Hz V2=12V 


NOTES: 3. The average power dissipation, Vz * 17 ° duty cycle, must not exceed 775 mW in any 10-ms interval. 
4. The regulator resistance for Vz > Vref, rz, is given by: 


' R1 





PARAMETER MEASUREMENT INFORMATION 





INPUT 
Vz = Vreg (1 sal ) 
Z* Vref \) t+—~) + Ire¢ @ R1 
re R2 ref 
FIGURE 1-TEST CIRCUIT FOR Vz = Vref FIGURE 2—TEST CIRCUIT FOR Vz > Vref 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 





TYPICAL CHARACTERISTICS 


SMALL-SIGNAL REGULATOR IMPEDANCE 
VS 
3.0 FREQUENCY 


CURRENT 
vs 
VOLTAGE 


120 


100 






27—Impedance—Q. 
© 
ra) 


!—Current—mA 





10 102 103-104 109 106 
f—Frequency—Hz V—Voltage—V 


FIGURE 3 FIGURE 4 





TYPICAL APPLICATION DATA 





V+ Vout 
Vout ¥ + “West (ay 
out R2 Vout * ( R2 ref 
FIGURE 5—SHUNT REGULATOR FIGURE 7—CROW BAR 
On above 
Vt Max Vcc Vout V+ O Vout V+ Vout 






On above 
Min Veco 






Vout © Vre¢ (1+ a 
out ref A2 
Min Vout = Vref + 5 V 





LED = = LED Saad 
FIGURE 9-CONTROLLING OUTPUT 
FIGURE 8-SUPPLY MIN/MAX VOLTAGE OF FIXED-VOLTAGE FIGURE 10—HIGHER-CURRENT 
DETECTOR REGULATOR APPLICATIONS 
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LINEAR TYPES TL497M, TL4971, TL497C 
INTEGRATED CIRCUITS SWITCHING VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612422, JUNE 1976 





e All Monolithic 

: = JORN 
e High Efficiency ... 60% or Greater DUAL-IN-LINE PACKAGE [TOP VIEW) 
e Output Current...500 mA 


e Input Current Limit Protection 


5 BASE COL- 
e TTL Compatible Inhibit cc CLS DRIVE BASE LECTOR NC 
e Adjustable Output Voltage 
: CURRENT 
e Input Regulation. ..0.2% Typ ete 


e Output Regulation ...0.4% Typ 


e Soft Start-up Capability 
description 


The TL497 incorporates on a single monolithic chip 
all the active functions required in the construction 





of a switching voltage regulator. It can also be used as COM: INHIBIT FREQ SUB- GND CATH. ANODE 
: PARATOR CON- STRATE ODE 

the control element to drive external components for INPUT TROL 

high-power-output applications. The TL497 was 

designed for ease of use in step-up, step-down, or NC—No internal connection 

voltage inversion applications requiring high 

efficiency. 


A block diagram of the TL497 is shown in the pinout. A 1.2-volt precision reference is internally connected between 
the inverting input of the high-gain comparator and the substrate. The output voltage is established using a resistive 
voltage-divider network whose node voltage is sensed by the noninverting input of the comparator. When the voltage at 
the noninverting input is more negative than the 1.2 volt reference, the oscillator is gated on. When the voltage at the 
noninverting input is more positive than the 1.2-volt reference, the oscillator is gated off. The maximum frequency of 
the oscillator is established by the external timing capacitor connected between the frequency control pin and ground. 


[TIMING CAPACITOR (pF) | 5] 10] 20] 80 | 100 | 200] 600 | 1000, 
238 476 [196 | 10 


The transistor switch is normally connected to external inductive components and a diode to generate the output 
voltage. The TL497 switching transistor and diode may be used directly for switching currents up to 500 milliamperes, 
or used to drive an external transistor and diode for higher output-power applications. 


The TL497 also provides current limiting for protection of the switching transistor and the load. With proper current 
limiting, saturation of the power inductor may be prevented and soft start-up achieved. Current limiting is accomplish- 
ed with the current-limit contro! provided. The voltage developed across the series current-limit resistor, Rc, is sensed. 
When the voltage at the current-sense terminal is approximately 0.7 volt (one Veg drop) less than the input voltage, the 
power switch transistor is turned off. 


External gating is provided by the inhibit contro!. When the inhibit control is high, the output is turned off. 


The TL497M is characterized for operation over the full military temperature range of —55°C to 125°C, the TL4971 is 
characterized for operation from —25°C to 85 °C, and the TL497C from O°C to 70°C. 
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TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Input Voltaga(see Note: 1) <<a: 6. 44d. a es Se ce eS a a a ee a es ee ee ee ee TV 
Output voltage Se UB aie VA chs ake AC, Vow Rie os Sa Zar as a Vb Re che Oe WR ee ne ee oe HS a OV 
Comparator inpUt-VOINaGe: x 260-6. ee-wl e~d, 2 Bo Bh we AE de wee. J God: See a a a Se OV 
InhibiEiNPUBVOITAGE- ao .a: a ape, OR ek Oe a A ew ae SS 
Diode reverse voltage. Sse 8 ek Se eR ea a BS SE RA Se OE SP Se ee ot, SOV 
Power switch Current: 6%. &.a «. oe @ weal wea ae we AO Ge ae Be Se ee a ee Gee FOO 
Diode continuous forward current . . . 2. 2 ee ee ee ee ew ee ee ee ee we ew ew we ew THOMA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) . ...... =.=. =. 1000mW 
Operating free-air temperature range: TL497M  .. ww ww ww ek ee —55°C to 125°C 
TL4971 ww we ee ee te ee ew ws 625°C to 85°C 

SMEAS7IC. 26. 4. 26 hele ae i ee SS Se. wa a “CAG TOC 

Storage temperaturerange . 2... 1 ee ee ee ee ee ee ee ee ee eee ee = 65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: Jpackage  . . 1. 1 ee ew ee ee we ew es 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage ....... 6. + es ee ee ew ee 260°C 


NOTES: 1. All voltage values except diode voltages are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 
MIN MAX UNIT 


I PUEVOMAGE,. Vii ss ie hoe ae as oe me, Sw oe ce ee ds owe BH Ge Bn, SO 4.5 12 V 
Output voltage: step-up configuration (see Figure 2) 2 th Havig ab. be ads od, ee Se OW ES 30 V 
step-down configuration (see Figure3)  ......2..+454 208+. Vref VJ -—1 V 
negative regulator (see Figure4) . . . . 1. 1 ew ee ew ew ew ew) WM ef —25 V 
QUTBUECUNFONT: | \.e. “ec as eect, SY Ses a , SL, ee 500 mA 


electrical characteristics at specified free-air temperature, Vj = 6 V (unless otherwise noted) 












PARAMETER TEST CONDITIONST a Le HTT eee Ax | UNIT 
Hightevel inhibitinputvoltage [|__—=ssSSC~*~‘“~*~*~*~*sd ngs | CCC Cd 
Lowevel inhibitinput voltage | ___——~~—~'|Fullrange| SSC | CCSC*~“~‘~B*YL_COXNCC*Sd 
High-level inhibit input current | Vi(1) = 5 V Fullrange[ 08 15] 8 1.5 | mA _| 
Low-level inhibit input current | V4(\) =O V Fulkrange| 20S COT A 
Comparator reference voltage | V,;=4.5V to6V /Fullrange} 1.14 1.20 1.26] 1.08 1.20 1.32 

Vj=6V 40 100 40100 
See Figure 1 ° 
14.25 é 
eee MUS AON [tg =S00mA[Fullrange[ TT | 
arc | 10—— TOT 
Switch off-state current Vv, =4.5V 25°C LA 
Fullrange]| ——=S=SCOO | SCSC~*~SO 
Current-limit sense voltage Vec=6V Pec [045 1/045 | 1) vV_| 
lo=10mA Full range ' 0.75 0.95 0.75 0.85 
Diode forward voltage Ip = 100 mA fFullrange[ 09 11] 09  1/ V 
Io = 500 mA | Full range | 1.33 1.7 1.33 1,55 
ig = 500 vA Fullrange| 30. |S SCSCSCSC~SY 
isan icase ced ig = 200 uA Fullrange| —SSC~idSCSSCSCSC~CSYSC 
Paec | 1 4) OS 
ia a re oe Ss 
awec | 6  #9| 6 9 
Fullrange{ TT 





T Full range for TL497M is —55°C to 125°C, for TL4971 is —25°C to 85°C, and for TL497C is O°C to 70°C. 
Alt typical values are at Ta = 25°C, 
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TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 


PARAMETER MEASUREMENT INFORMATION 


200 pH 






—— ee we ee oe 


UNREGULATED 
INPUT 


FIGURE 1—TEST CIRCUIT 


TYPICAL APPLICATION DATA 


Ri 
OV_= (1 +R) Veet 
FILTER 






P. R1 
? Vo = 1+ 85) Veet 








FILTER CAP 
CAP 
0.005 uF 
0.005 pF -4 Do ao ae we om me mm me me 
as CED (5 (2 (| UNREGULATED 
UNREGULATED ENEUT. 
INPUT 
FIGURE 2—POSITIVE REGULATOR, FIGURE 3—POSITIVE REGULATOR, 
STEP-UP CONFIGURATION STEP-DOWN CONFIGURATION 
~"pOWERSWITCHts—=<“i‘SCS™C‘*@S = 


Ri 
0 Vo = —(1* 85) Veet 
DIODE ; FILTER 
! 


CAP r 
(6) T (1) DIODE | 
| (6) 





(vail R1 
a ° Vy * (1455) Veer 
FILTER 


1 
is t 
TIMING F(12) ' 
T 4) 3) ERROR AMP 
! « - 
1 [CURRENT | 
ae] LIMIT oa i pad | TCORRENT : | 0.005  F 
REFERE i i 
1 
1 


LIMIT 


Rex | } (13) NSE laeeee es 
ioc _inniarr| ON Ret a (4) 
; (14) (2) (5) | Vec INHIBIT GND SUBST! 
UNREGULATED : (14) (2) Je 
INPUT UNREGULATED 
FIGURE 4—-NEGATIVE REGULATOR Nee FIGURE 5—POSITIVE REGULATOR 
(e.g., +5 VOLTS INPUT TO —5 VOLTS OUTPUT) WITH BUFFERED OUTPUT 


OR 
(i.e, POSITIVE INPUT, NEGATIVE OUTPUT) 





PRINTED IN U.S.A. € 
238 . TEXAS INSTRUMENTS 
INCORPORATED ; 
PORT OFFICE BOK SOI2 6 DALLAS TEMAS 7ES22 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 







LINEAR TYPES uA723M, uA723C 
INTEGRATED CIRCUITS PRECISION VOLTAGE REGULATORS 


BULLETIN NO, DL-S 7611533, AUGUST 1972—REVISED JUNE 1976 
FORMERLY SN52723, SN72723 
e 150-mA Load Current without External Power Transistor 

e Typically 0.02% Input Regulation and 0.03% Load Regulation (uA723M) 

e Adjustable Current Limiting Capability 

e Input Voltages to 40 Volts 

e Output Adjustable from 2 to 37 Volts 

e Designed to be Interchangeable with Fairchild .A723 and pA723C Respectively 





description 


The uA723M and uA723C are monolithic integrated circuit voltage regulators featuring high ripple rejection, excellent 
input and load regulation, excellent temperature stability, and low standby current. The circuit consists of a 


temperature-compensated reference voltage amplifier, an error amplifier, a 150-milliampere output transistor, and an 
adjustable output current limiter. 


The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, or 


floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown in 
Figures 4 and 5. 


The uA723M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA723C is 
characterized for operation from OC to 70°C. 


terminal assignments 


JOR N DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE 
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) 


CURRENT FREQ 
cone Vec+ Vc OUTPUT Vz Nc eee LIMIT COMP Vcc+ Vc OUTPUT 
NC + 


ey OOOO 









NC CUR- CUR- INV NON- Viref) Voc— 
RENT RENT INPUT INV? 
(NP 


Peer UT PIN 5 1S IN ELECTRICAL doanewe: WV NENGNYEVIAE wes 
CONTACT WITH THE CASE SENSE INPUT INPUT 





NC—No internal connection 


functional block diagram 























FREQUENCY 
Vec+ COMPENSATION 
° Ve 
TEMPE RATURE- INVERTING 
COMPENSATED INPUT 
REFERENCE 
OItODE SERIES PASS 
TRANSISTOR 
CURRENT NON- REGULATED 
SOURCE INVERTING ree OUTPUT 
INPUT: © «f(D OB ree Re a a 
' 
i} 
JandN ft 
CURRENT 4 A 5 VZ packages ! 
LIMIT SENSE 
Vcc- . 1S Sees ee only 
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TYPES uwA723M, uA723C 
PRECISION VOLTAGE REGULATORS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Peak voltage from Vcc+ to VCC— (tw < 50 ms) 
Continuous voltage from Vcec+ to Vec— 
Input-to-output voltage differential 
Differential input voltage to error amplifier 
Voltage between noninverting input and Vcc— 
Current from VZ 
Current trom: Vref). en ee ee we a eo Ee Se SO, Ho ES 
Continuous total dissipation at (or below 25 C free-air temperature (see Note 1): 
J or N package 
L package (see Note 2) 
Upackage .........8 2.26888 | 
Operating free-air temperature range: uA723M Circuits 
uA723C Circuits: . 
Storage temperature range By es one. ae see Oa oe SA ea e's 
Lead temperature 1/16 inch from case for 60 seconds, J, L, or U package 
Lead temperature 1/16 inch from case for 10 seconds, N package 


50 V 
40 V 
40 V 
+5 V 
. 8V 
25mA 
15mA 


1000 mW 
800 mW 
675 mW 


. -55°C to 125 C 


O°C to 150°C 


. —65°C to 150°C 


. 300°C 
. 260°C 


NOTES: 1. Power dissipation = [l(standby) + l(ref)] Veo + [Vo— Vol !o. For operation at elevated temperature, refer to Dissipation 


Derating Curves, Section 2. 


2. This rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Raca~, of not more 


than 105 C/W. 


recommended operating conditions 


MIN MAX UNIT 


Input Voltage |: 2. se? Se: er, Boe Sh eS: Sica A ae We ee Ge ow ee ee. © 3S 40 V 
OUTDUEVOIage,. VOF ck. 3, Gee a Be Se “es ee Ms ee oh er 2 ee & oh 2 37. OV 
Input-to-output voltage differential VC-—VQ  . . ww ee ee ee ee 3 38 V 
Output current, Io 150 mA 


electrical characteristics at specified free-air temperature (see note 3) 


uA723M uA723C 
PARAMETER TEST CONDITIONSt Lae az 


Vj =12V to Vj = 15 V 0.01% 0.1% 0.01% 0.1% 
Input regulation Vy) =12V to Vj = 40V 0.02% 0.2% 0.1% 0.5% 


s 
z 


V)=12VtoV)=15V Full range 


f = 50 Hz to 10 kHz, C(ref) = 0 25°C 74 
Ripple rejection ey 
f = 50 Hz to 10 kHz, Ciref) = 5 uF 


~ 
phy 
ON OS 


£ 


25 C —0.03% —0.15% —0.03% —0.2% 
Output regulation lo = 1 mA to lo = 50 mA Eee e : 


Reference voltage, V(ref) 6.95 7.15 7.35 |68 7.15 
Standby current Vv, =30V, lo =0 2.3 3.5 2.3 


Temperature coefficient of 


Full range 0.002 0.015 0.003 
Output voltage 
Short-circuit . 
Rsc = 10, Vo =0 25°C 
Output current 
BW=100Hzto10kHz, Ciref) = 0 25°C 20 
Output noise voltage : a (ref) | 28°C | 


BW= 100Hzt0 10KHz, _Clref) = SAF | 


TFull range for uA723M is —55°C to 125°C and for uA723C is OC to 70°C. 


Cc 
| 2 
< = 


0 


—0.6 
7.5 


0.015 {%/°C 


NO 

ol 

= 
ee! 


NOTE 3: For all values in this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
< 10 k&, Unless otherwise specified, Vj) = Vec+ = Vo = 12 V, Vec— = 0, Vo = 5 V, 1g = 1 MA, Rgc = O, and Ciref) = 9. 
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TYPES wA723M, uA723C 
PRECISION VOLTAGE REGULATORS 





schematic 


Vcct+ Vc 
e @ 


BE 


15 kQ k © OUTPUT 
pajeer cers se ccc 4 
1 6.2V JANDN " 
PACKAGES | 
OVZ ONLY H 
Ra ee ee a 
FREQUENCY 


O COMPENSATION 
5 CURRENT 
20 k2 150 2 LIMIT 
CURRENT 





O SENSE 
Vie ning VOC- INVERTING 
INPUT 
676 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 





TABLE | 
RESISTOR VALUES (k2) FOR STANDARD OUTPUT VOLTAGES 
FIXED OUTPUT FIXED OUTPUT 
OUTPUT | APPLICABLE| OUTPUT ADJUSTABLE OUTPUT | APPLICABLE OUTPUT ADJUSTABLE 
FIGURES + 5% + 10% (SEE NOTE 5) || VOLTAGE | FIGURES + 5% + 10% (SEE NOTE 5) 
(SEE NOTE4)| Ri | R2 | RT] PT | R2 (Vv) (SEE NOTE 4) R2 | R1 | PI 
1,5, 6,9, 11, 1.8] O05 1.2 +100 105] 2.2 10 91 
12 (4) 


1,5,6,9,11, : ; ; A . +250 
12 (4) 

1, 5, 6, 9, 11, : : p ‘ : —6 (Note 6) 
12 (4) 


1,5,6,9, 11, 
12 (4) 
2, 4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 
2, 4, (5, 6, 
9, 12) 

7 
7 





TABLE Il 
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts Outputs from +4 to +250 volts 
[Figures 1, 5,6, 9, 11, 12, (4)]} [Figure 7] 





Current Limiting 


ne = Mirth Be RT 0.65 V 


Yor Viel pq en2. OF gy Mag? cae 


R3= R4 


Foldback Current Limiting 
Outputs from +7 to +37 volts Outputs from —6 to —250 volts [Figure 6] 
Fi 2,4 9, 11,1 Figures 3, 8, 10 
[Figures 2, 4, (5,6, 9, 11, 12)] [Fig ] VoR3 + (R3 + R4) 0.65 V 
V =\V x R1+R2 _ V (ref) x R1i+R2 sc 
O (ref) R2 R1 ; 


0.65 V x R3 + R4 


los * 





NOTES: 4. Figures 1 through 12 show the R1/R2 divider across either Vo or V(res). Figure 
numbers in parentheses may be used if the R1/R2 divider is placed across the other 
voltage (V(ref) OF Vo) that it was not placed across in the figures without parentheses. 

5. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced 
by the divider shown at the right. 

6. For negative output voltages less than 9V, Voc y and Vc must be connected to a 
positive supply such that the voltage between Vcc+ and Vcc_ is greater than 9 V. 


R1 


7. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V R2 
regulator diode must be connected in series with the Vo terminal. 


ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


REGULATED 
© OUTPUT, Vo 






Vv 
Vcc— COMP 


NOTES: A. R3 ee AL: for minimum a@ 
: * ee mi . 
R1+R2 vo 


B. R3 may be eliminated for minimum 
component count. Use direct con- 


nection (i.e., Rg = 0). 


FIGURE 1—BASIC LOW-VOLTAGE REGULATOR 
(Vo = 2 TO 7 VOLTS) 





(See Note 6) 





REGULATED 
OUTPUT, Vo 






(See Note 7) 


FIGURE 3—NEGATIVE VOLTAGE REGULATOR 







Viref) OUT 





Rsc 
REGULATED 
~ OUTPUT, Vo 


FIGURE 5—POSITIVE VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 





676 


REGULATED 
© OUTPUT, Vo 





NOTES: A. R3 = ee minimum a 
; . Riy R2 rmini VO: 
B. R3 may be eliminated for minimum 
component count. Use direct con- 
nection (i.e., R3 = 0). 
FIGURE 2—BASIC HIGH-VOLTAGE REGULATOR 
(Vo =7 TO 37 VOLTS) 


, REGULATED 
OUTPUT, Vo 





FIGURE 4—POSITIVE VOLTAGE REGULATOR 
(EXTERNAL N-P-N PASS TRANSISTOR) 





Rsc REGULATED 
2 OUTPUT, Vo 


Vo 


FIGURE 6-FOLDBACK CURRENT LIMITING 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 





TYPICAL APPLICATION DATA 













2N5241 
(See Note 7) 


2N5241 


(See Note 7} 
cs R2 
NON- Rsc = 12 
NV INV 
Woo COMP 
R1 
REGULATED REGULATED 


° OUTPUT, Vo © OUTPUT, Vo 


FIGURE 7—POSITIVE FLOATING REGULATOR FIGURE 8—NEGATIVE FLOATING REGULATOR 
VI 
(See Note 7) 
Vi 
2N3997 
VCC+ 
2N5153 Viref) 
0.1 uF 
L = 1,2 mH 
| (See Note 8) 
REGULATED 
“ OUTPUT, Vo 
0.1 pF (See Note 8) 
Lb ue ae REGULATED 
i: 100 uF TS OUTPUT, Vo 
FIGURE 9—POSITIVE SWITCHING REGULATOR FIGURE 10—NEGATIVE SWITCHING REGULATOR 








REGULATED Vec+ 





~ OUTPUT, Vo Viref) 
REGULATED 
~ OUTPUT, Vo 
(See Note 7) 
INPUT FROM 
SERIES 54/74 LOGIC 
NOTE A: Current limit transistor may be used for shutdown 
if current iImiting is not required. 
FIGURE 11—REMOTE SHUTDOWN REGULATOR WITH FIGURE 12—SHUNT REGULATOR 


CURRENT LIMITING 


NOTES: 6. For negative output voltages less than 9 V, Voc+ and Vc must be connected to a positive supply such that the voltage between 
Vec+ and Vec_ is greater than9 V. 
7. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series 
with the Vo terminal. 
8. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch air 





gap. 
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LINEAR 
INTEGRATED CIRCUITS 





e 3Terminal Regulators 

e Output Current up to 1.5A 

© No External Components 

e Internal Therma! Overload Protection 


e Direct Replacements for Fairchild .A7800 


Series and National LM340 Series 
e High Power Dissipation Capability 


e Internal Short-Circuit Current Limiting 


e Output Transistor Safe-Area Compensation 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


schematic 





Resistor values shown are nominal and in ohms. 





SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. OL-S 7612386, MAY 1976 


—55°C TO 150°C 
OPERATING 
TEMPERATURE 


NOMINAL 
OUTPUT 


VOLTAGE 
RANGE 


uA7805M 
uA7806M 
uA7808M 
uA7885M 
uA7812M 
uA7815M 
uA7818M 
uA7824M 


KA PACKAGE 


(TOP VEIW 


COMMON OUTPUT 


INPUT 


0°c TO 125°C 
OPERATING 
TEMPERATURE 


RANGE 
uA7805C 
uA7806C 
uA7808C 
uA7885C 
uA7812C 
uA7815C 
uA7818C 
uA7824C 





KC PACKAGE 


(TOP VIEW) 


[OUTPUT 


) oo COMMON 
INPUT 


TO-220AB 
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SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78__M uA78__C | UNIT 














UA7824M, uA7824C ee 
Input voltage V 
All others 
| Rect pe aces KA (TO-3) package 
Continuous total dissipation at 25°C free-air temperature (see Note 1) W 
KC (TO-220AB) package | sd 
Continuous total dissipation at {or below) 25°C case temperature (see Note 1) a ee ee 
Operating free-air, case, or virtual junction temperature range Po —55 to 150 | Oto150 | °c | 
[Storage temperaturerange SS CESSCSCSCSCS~SC*S 6 tS | CH LO TS] “VC 
Lead temperature 1/16 inch from case for 60 seconds KA (TO-3) package 
Lead temperature 1/16 inch from case for 10 seconds KC (TO-220AB) package ee nd 





NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVE 


KA (TO-3) package 
Derating factor = 28 mW/°C 
~~ 35°C/W 





KC (TO-220AB) package Derating factor = 0.25 W/°C 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—W 





Derating factor = 16 mwW/* above 90 C 
; Raya © 62.5°C/W Rasc © 4 C/wW 
25 50 75 100 125 150 25 50 75 100 125 150 
T A—Free-Air Temperature— C Tc—Case Temperature— C 
FIGURE 1 FIGURE 2 


recommended operating conditions 








[MIN MAX |_UNIT 
uA7805M, uA7805C 7 25 
uA7806M, uA7806C: 
uA7808M, uA7808C | 1055 | 
uA7885M, uA7885C 10.5 25 
Inputvoltage, V| V 
uA7812M, uA7812C 14.5 30 
uA7815M, uA7815C 17.5 30 
uA7818M, uA7818C 21 33 
uA7824M, uA7824C 27 38 
fOuputaurentloOCOCOCOCOCCCCSCSC“(NCNCNTCOTSCCONS TA 
Bie Aatagtes tae a ck uA7805M thruuA7824M | -55 150] , 
Operating virtual junction temperature, Ty C 
uA7805C thru uA7824C | O25 | 
246 TEXAS INSTRUMENTS 
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TYPES uA/7805M, uA7805C 
POSITIVE-VOLTAGE REGULATORS 





uA7805M, uA7805C electrical characteristics at specified virtual junction temperature, 
V1 = 10 V, Io = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt UATSOSM uA7805C 
MIN TYP MAX] MIN TYP MAX 


ees ee eee ee ae se 


lo=5mAto1A, |vj=8Vt0o20V_ | -55°C to 150°C | 4.65 535] = 
P< is vie7vwx0v | OCwmee |__| 78 65] 


Vi =7V to 25 V 2 100 
Input regulation 25°C 
ViEBVt012V aes eee ol ee a 
ea “sFCwreoe| we «| 
Ripple rejection Vip=8Vto18V, f=120Hz 7 
Octoiz°c | | TBC 
A ere se 
ig = 250 mA to 750 mA 









Output voltage 











UNIT 
V 


TAN characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


48 5 5.2 
4.75 : 
3 
5 62 78 
foupureine  [ietite gene 
Pocome | «| ~S—Ciot Cd 
ecw POM eee 
lo=5mA . = 
POutputnoisevoltage [f= 10Hzto10OKHe «| See S| SC S~C*~dE:C“‘CCSC#SN’”™C™*C‘*zC 
Dropout vote i [lo=tA SS ~“‘*‘“‘iRSOCCTCCOTSC CS 
[|Biascurrent | —“‘idrSSC( CT 
Viasveomev sd ssectorsoc| OB 
Wie7VviowmeV Sid «to TO 
oe ire 


Bia rent change 
s current chang Seca —55°Ctoisoc} OS 
mA to ° 
O 0Cto125C 
Short-circuit 0 
output current 





2.0 
4.2 
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TYPES wA7806M, uA7806C 
POSITIVE-VOLTAGE REGULATORS 





uA7806M, uA7806EC electrical characteristics at specified virtual junction temperature, 
Vi = 11 V, Io = 500 mA (unless otherwise noted) 









PARAMETER TEST CONDITIONSt 


uA7806M uA7806C UNIT 
MIN TYP MAX] MIN TYP MAX 


5.75 6 6.25 | 5.75 6 6.25 e 


Output voltage 


25°C 
Vj=9V to 13V 15 30/15 60 | 
Vi=9Vt019V, f=120Hz a = 


Input regulation 





6.3 
Ripple rejection 5 
; lo =5mAto1.5A 14 120 
Output regulation 25 C 
ae ay ak 


Output resistance 


0°C to 125°C 
0°C to 150°C 


Temperature coefficient 
=5mA 


0°C to 125°C 
f = 10 Hz to 100 kHz 
io= tA 
.2 


=9V 10 25V core] ost SCs” 
Bias current change 5 ea mA 


of output voltage 
Output noise voltage 
Dropout voltage 


Bias current 





—55 Cto 150 C 
lo =SmAtolA 
Short-circuit 
output current 


o 
(9) 
fo) ° 
OC to 125°C 
C 
Peak output current 








Tat characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 WF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, = 10 ms, duty cycles < 5%), Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7808M, uA7808C 
POSITIVE-VOLTAGE REGULATORS 





uA7808M, uA7808C electrical characteristics at specified virtual junction temperature, 
Vi = 14 V, !o = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


lo =SmAto1A, }] Vy =11.5 V to 23 V}—55 C to 150 C 
P<15W V,=105V to23V} OC to 125 C 
V; = 10.5 V to 25 V 

25°C 
Vi; =11Vto17V 










uA7808M 
MIN TYP MAX | MIN TYP MAXx| ~~ 
7 8 8.3 
7 1 ee 
a ey 


2 80 








ee) 
Ba 





Output voltage 


Input regulation 
Ripple reject Vi=11 f=120H [85°C to 150°C | 
| e rejection = = 
pes prey eM eet Na 2 0°C to 125°C 56 O72 
lo =5mAto1.5A 12 80 12 160 
Output regulation 25 mV 
lg = 250 mA to 750 mA a ae 4 80 


. a © 
eta —55°C to 150°C 
Utput resistance ° oO 

P 0°C to 125°C 





S 
! 








m 


| 
oO 


7 
6 
62 







Pe 


f= 
Temperature coefficient 0 Cto 150 C 
lo =5mA 
of output voltage 0C to 125 C 
Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage igeiA 
VI 


PIN 
Wlo 
oO 


1 kHz 
Biascurent |S COC“—~sSC“CSsC“CSs~“Cs~CS*~—~‘iSC SS 


Short-circuit output ° 
25 C 
current 





Bias current change 





6 

2 
72 
52 
2.2 


Ea 
> 





TAI characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 uF and afl characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7885M, uA7885C 
POSITIVE-VOLTAGE REGULATORS 





uA7885M, uA7885C electrical characteristics at specified virtual junction temperature, 
Vi = 15 V, lo = 500 mA (unless otherwise noted) 


uA7885M uA7885C 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX | MIN TYP MAX 
psec | 815 85 8.85] 815 85 BB 
1 8.9 


lo=5mAto1A, | Vj = 12 V to 23.5 V] -55°C to 150°C | 8.1 s9{ | 
P<15W Vi=11V to 235 V] 0°C to 125°C 


°o 
° °o 
Vi =10.55V to 25V 6 170 
Input regulation ! 25°C 
Viet Vt 17V a ne aS 
Ripple rejecti V1 = 11.5 V to 21.5V, £=120H zoe te 100 C1200 2 
I e rejection = ‘ a = 
peer | ae 5 0°C to 125°C 
. °o 
°o 
°o 













ai 


Output voltage 












2 85 
54 70 
In =SmAto15A 12 170 
ei scee aicace ne 
Io = 250 mA to 750 mA 
Gurauiauans pan —55°C to 150°C 
esistance = z 
ee . 0°C to 125°C 
Temperature coefficient O°C to 150 C 
lo =5mA ° ° 
of output voltage 0 C to 125°C 
Oo = 


oO 
Pies current | SSSCSSSC~C 
° 


V 
ee 
besten 3 


eee ee 


2.0 
4.3 





V,;=11.5V to 25V —55°C to 150°C 
V;=10.5 to 25 V O°C to 125°C 
o 


uV 
v 
mA 
° mA 
55°C to 150°C etre ae 
lo =SmAw1A ; pS 

Short-circuit output 
paso | ema 

current 


TAIt characteristics are measured with a capacitor across the input of 0.33 wF and a capacitor across the output of 0.1 «uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


Bias current change 
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TYPES uA7812M, uA7812C 
POSITIVE-VOLTAGE REGULATORS 





uA7812M, uA7812C electrical characteristics at specified virtual junction temperature, 
Vi = 19 V, lo = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


Output voltage lo =SmAtoi A, 
P<15W 


V, = 14.5 V to 30 V 
Input regulation 25°C 
V) = 16 V to 22 V 
Ripple rejecti Vi=15Vto25V, f=120H poate 
t a P = z 5 
ipple rejection | re) O°C to 125°C 


; O=5mAto15A a 
Output regulation 25 C 
© = 250 mA to 750 mA 





uA7812C 
MIN TYP MAX 
11.5 12 12.5 


uA7812M 
MIN TYP MAX 


W512 125 


V, = 15.5 V to 27 V|—55 Cto 150 C | 11.4 
V,=14.5Vto27Vi OC to 125°C 





120 
6 


N 
Db 
oO 
i. 
< 


—_h 
N 
oO ron 
o> 
SS 
—_ 
wlo 
-_ 
_ 
nN N 
ra) ren) 
a 


oO 
—b 
—b 
© 
ol 
oO 
=| ~ 
Si rl a 
N 
a 
io) 
3 
< 


2 
10 

3 
71 
12 
5 
3 


2 










0.018 
Igo =5mA ° 
of output voltage 
4 
Vy =15V to 30V 


V1) = 14.5 V to 30 V 0°C to 125°C 


ae eae —55°C to 150°C 
a aid 0°C to 125°C 


25°C 






~ 
o1 


Dropout voltage 


Bias current change 








Short-circuit 
Output current 


Peak output current 


nN 
(-) 


N 
N 








TAtt characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%), Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7815M, uA7815C 
POSITIVE-VOLTAGE REGULATORS 





uA7815M, uA7815C electrical characteristics at specified virtual junction temperature, 


V| = 23 V, Io = 500 mA (unless otherwise noted) 
1 
PARAMETER TEST CONDITIONSt uAIBISS UNIT 
MIN TYP MAX] MIN TYP MAX 


Output voltage lo=S5mAto1A, |V};=18.5 V to 30 V| —55°C to 150°C |14.25 15.75 
P<15W Vi, =17.5Vto30V| OCto125°C 


Input regulation nee ey 25°C 
i 
ibe V) =20V to 26V 3 
—55°C to 150°C| 60 70 
Ripple rejection V, = 18.5 V to 28.5 V,f = 120 Hz icici al 
OCto 125°C 
lo=SmAtol15A 12 
Output regulation OQ eee 25 C 
O = 250 mA to 750 mA 4 
—55°C to 150°C 
Output resistance = 5 
0Cto 125 C 


oO 
o 
Temperature coefficient 0°C to 150°C 
lo =5mA ° 
of output voltage Q0Cto 125 C 








14.25 15.75 


~ 
a 
A. 
~ 
°o 
3 
< 


3 
3 5 = 
OO 


oi 
o 











ak 


| Output noise voltage | f = 10 Hz to 100 kHz 
Dropout voltage lo=1A 


| 
ob 
roo) 


> 
BA 
) 


= 18.5 V to 30V 
Vj =175V to 30V 
lo=5mAto1A 


25°C 


Bias current change 


< + ls, 
- I 

= 

nx 

<= 

N 






Short-circuit 


8 
=) 


output current 


Peak output current 






3 3 





TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%), Output voltage changes 
due to changes in Internal temperature must be taken into account separately. 
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TYPES uA/818M, uA/818C 
POSITIVE-VOLTAGE REGULATORS 





uA7818M, uA7818C electrical characteristics at specified virtual junction temperature, 
V| = 27 V, lo = 500 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt UATSIEM UBTAGE 
MIN TYP MAX| MIN TYP MAX 
eee ee ee ee ee ee 
Outputvoltage lo=5mAto1A, | V)=22V to 33V | —55°Cto 150°C | 17.1 18.9 Vv 
V)=21 V to 33V 
Input regulation 25°C 
rpwereouaton Haye pe | 















o 





= 
~J 
= 
oi 
ois ~ 
foe) Py 
oO © 
| 
< 


Ss 


8 


3S 

—_ 
m/} NM 
=| w 
col o 
o| Oo 
3 
< 


P<15W V,=21Vto33V | OC to 125°C 
Qo 
Ripple rejecti V)=22Vto32V, f=120H ape CANOE 
= = z 
ipple rejection \ to ; OC 10E°C 
. lo=S5mAto15A J 12 

Output regulation 25°C 

19 = 250 mA to 750 mA 


ee Sane —55°C to 150°C 
u resi nce = z 
a aio 0°C to 125°C 






Output noise voltage ‘| f = 10 Hz to 100 kHz 









Temperature coefficient O’C to 150°C 
lo 5mA ° 

of output voltage 0Cto 125 C 

Palas curent yf —S~d 


Bias current change 


= 
|= 21V to 33 V O°C to 125°C 






200 mA 


2 
iamceanereen —55°C to 150°C 
t 
Oe O°C to 125°C 
output current 
ee ee ee ee °c 





0 
0 






V1 =22V to 33V —B5Ctoi50°C{ = 8 | 
Vv a ee 


2.1 





TAI! characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA/7824M, uA/7824C. 
POSITIVE-VOLTAGE REGULATORS 





uA7824M, uA7824C electrical characteristics at specified virtual junction temperature, 
V; = 33 V, Io = 500 mA (unless otherwise noted) 


A7824M uA7824C 
PARAMETER TEST CONDITIONST 
MIN TYP MAX|MIN TYP MAX 


Output voltage lo =S5mAtolA, 
P<15W 


Vj; =28Vto38V_ |-55°C to 150°C 








NJ 

N N 
0 ro} 
os N 
oO S 
pl 

co} oT rN) 
Olt ol 
L#) 


Vj=27Vto38V | OC to 125°C 


. =27V to 38V . 18 240 
Input regulation 25 C 
= 30 V to 36V 6 12 


| 


Oo 


se 
—55°C to 150°C lait 
Ripple rejecti Vi=28Vto38V, f=120H n 
sa 7 0°C to 125°C | 50 66 | 
lo =5mAto1.5A 12 480 
Output regulation 25 C mV 
Q = 250 mA to 750 mA | we | 4 120 FY ow 


2 





N 

° 
3 
< 
“3 
©) 


Sintnus reeiesanne —55 Cto 150 C 0.028 
u resistanc = 
Seueskaaegs 0°C to 125°C 
Temperature coefficient 0°C to 150°C 
lo=5mA . : 
of output voltage Q0Cto 125 C 


“n — 
I 

= 

x 

2 es 

N 











[Output notse voltage __|¥ = 10 Hz to 100 kHz 170 170 
[Dropout vottage [l= 1A 


ee eC 
= 28 V to 38 V —ssctoisoc | = CO 


=27V to 38V O°C to 125°C 
—55°C to 150°C 


lIo=5mAto1A 
al 0°C to 125°C 


Bias current change 






Short-circuit 






output current 


Peak output current 


pay 
D> 
= fe) 





TAI characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in Interna! temperature must be taken into account separately. 
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LINEAR 
INTEGRATED CIRCUITS 


e 3-Terminal Regulators 
e Output Current up to 100 mA 
e No External Components 


e Internal Thermal Overload Protection 


e Unusually High Power Dissipation Capability 
e Direct Replacement for Fairchild zA78LOO Series 


e Internal Short-Circuit Current Limiting 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. In 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 100mA of output 
current. The internal current limiting and thermal 
shutdown features of these regulators make them 
essentially immune to overload. When used as a 
replacement for a Zener-diode—resistor combination, 
an effective improvement in output impedance of 
typically two orders of magnitude can be obtained 
together with lower bias current. 


schematic 


Resistor values shown are nominal and in ohms. 


TTrademark of Texas Instruments 


SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612353, JANUARY 1976 — REVISED MAY 1976 





NOMINAL 5% 10% 
OUTPUT | OUTPUT VOLTAGE | OUTPUT VOLTAGE 
VOLTAGE TOLERANCE TOLERANCE 
uA78LO2AC uA78L02C 
uA78L05C 
uA78LO06C 
uA78L08C 
uA78L12C 
uA78L15C 


uA78LO5AC 
uA78LO6AC 
uA78LO08AC 
uA78L12AC 
uA78L15AC 





JG LP 
SILECTT PACKAGE 


DUAL-IN-LINE PACKAGE 




















(TOP VIEW) 
OUTPUT 





(TOP VIEW) 


COMMON 


INPUT 
COMMON 


OUTPUT 
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SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78LO2AC, uA78L02C 


Continuous total dissipation at 25°C free-air temperature (see Note | Continuous tot! dispaton at 25°C tee emperature (ee Note 1)| 
LP package 


Continuous tota! dissipation at (or below) 25°C case temperature (see Note 1) ae 


Operating free-air, case, or virtual junction temperature range 


Storage temperature range 





Lead temperature 1/16 inch from case for 10 seconds 


NOTE 1:For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


JG package 
Derating factor = 9.0 mw/C 


RaJA = 110°C/W 


JG package 
Derating factor = 


above 118°C 


Maximum Continuous Dissipation—mW 
Maximum Continuous Dissipation—mW 





Rac ~ 20°C/w 
LP package LP package 
Derating factor = 6.2 mW Derating factor = 28.6 mWw/°C 

° 
RaJA ~ 160°C/W above 94°C 
See Note 2 Rasc + 35°C/W 
25 50 75 100 125 150 25 50 75 100 125 150 
TA—Free-Air Temperature— C Tc—Case Temperature—°C 
FIGURE 1 FIGURE 2 


NOTE 2: This curve for the LP package is based on thermal resistance, Régya,. measured in still air with the device mounted in an Augat socket. 
The bottom of the package was 3/8 inch above the socket. 


recommended operating conditions 
uA78LO2AC | uA78LOSAC | uA78LOGAC | uA78LO8AC | uA78L12AC | uA78L15AC 
wa [Nae WWE | MIN MAX 
ee ee ea 17.5 30 


Operating virtual junction 
temperature, Ty 
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SERIES uA78L00 
POSITIVE-VOLTAGE REGULATORS 





uA78LO2AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
Vi =9 V, lo = 40 mA (unless otherwise noted) 


uA78L02AC 
PARAMETER TEST CONDITIONSt 
| PARAMETER MIN TYP MAX 


Output volta V1 =4.75Vto20V, Ip =1mMmAto40mA 7 . 2.45 2.75 
i EAE, 0°C to 125°C 
lo =1 mA to 70mA 2.45 2.75 
V,=4. 


{= 
' : Pi | = 4.75 V to 20 V 25°C 40 
nput regulation 
ac aa V) =5V to 20V 30 
Ripple rejection V1 =6V to 16V, f = 120 Hz 


; lo =1mAto 100 mA 5 
Output regulation 25 C 
Io =1 mA to 40mA 
1 
O 






uA78L02C 
MIN TYP MAX 


24 2.6 2.8 
2.35 2.85 V 
2.35 2.85 


_ 
© 
Oo 


: 


Bias current 25 
125 C 
Bias current change 


—_ 

~J 
~~ 
o 


-_ 
~J 





w 
on 
shed 
in on 


=5Vto20V 
PM=SVtO2V ag ane 
In =1tmAto 40 mA 


uA78LO5AC, uA78LO5C electrical characteristics at specified virtual junction temperature, 
Vi = 10 V, Io = 40 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST UNIT 


Output voltage V,=7V to 20V, lo = 1 mA to 40 mA ; V 
o=1mAto 70mA . . 


Vi =7V to 20V 
tnput regulation mV 
V) =8V to 20V 
Ripple rejection V1 =8V to 18V, = 40 49 | dB 
= 17 
] = 


Output noise voltage f = 10 Hz to 100 kHz pV 
Dropout voltage =| SSCS | Bi 


A 
A 


1 
[o= 1 mA to 100mA 0 
cutautwqinton [LO tmAt TOMA ; 
[o= 1 mA to 40.mA 
m 
O 


Bi nt ch Mie Yee 0°C to 125°C 
tas curre cnan Oo 
2 Iq =1 mA to 40 mA mn 





TAI characteristics are measured with a capacitor across the input of 0.33 MF and a capacitor across the output of 0.1 WF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty <= 10ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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uA78LO6AC, uA78LO6C electrical characteristics at specified virtual junction temperature, 


Vi = 12 V, Io = 40 mA (unless otherwise noted) 
PARAMETER TEST CONDITIONSt eee po Ae ache 
MIN TYP MAX |MIN TYP MAX 
[sides 62a | 8762 67 
Output voltage fe) O mA to 40m 0°C to 126°C 6 6 


















|= 

Input reguation | VLE ESN CY ________| ate |} BUR 3 aw | 
ae 

[Ripplerejection [| Vi=10Vt020V, f= 120Hz 4046 (39 46 | 






lo=1 mA to 100 mA a 20 80 20 80 

Igo =1mAto40mA 
Output noise voltage __| f= 10 Hz to 100 kHz Pp asrc TO 
; 
O 






Pe <2: =<; 
Bias current : 

vec |S |S 

ss ae Vi =9V to 20V Ta eee aan | 9) Ms 8 
ias curren an fo) 

rene? __[o=tma to 40mA ee Se ss 






uA78LO8AC, uA78LO8C electrical characteristics at specified virtual junction temperature, 
Vi = 14V, lo = 40 mA (unless otherwise noted) 








uA78LO8AC uA78L08C 

PARAMETER TEST CONDITIONSTt UNIT 
MIN TYP MAX |MIN TYP MAX 

ne iene ape t Naam ee ee ge wl ee ee. 8 BS 6 


Output voltage V,= 10.5 V to 23 V, Igo =1mAto 40 mAj_o ° 
Cc 
ig = 1 mA to 70mA OS toes 847. 


' ecacaatt V1 =10.5V to 23 V 2 175 
Nnput re ation 


" , 
Ripple rejection Vj=13Vto23V, f= 120Hz 
(= mA t 100 mA nn 
Siwerednica 
l 








lo = 1 mA to 40 mA td 1080 
Output noise voltage f = 10 Hz to 100 kHz x e  ee 
Dropout voltage Fe ee 


Bias current change 


TAIN characteristics are measured with a capacitor across the input of 0.33 MF and a capacitor across the output of 0.1 WF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


7.7 8 8.3 
7.6 8.4 
7.6 8.4 

5 

44 

17 
Pe a 
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uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, |¢ = 40 mA (unless otherwise noted) 


uA78L12AC uA78L12C 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX ]MIN TYP MAX 


Output volt Vi=14.5Vt027V, Igo =1mAto40mA] _, o,| 11.4 126 $108 13.2) 
utput voltage | = 14.5 V to O mA to 40m 0°C to 125°C 


lo = ELE eee Hi 
: ciety a 
Input regulation 25°C 
Vi=16Vt0 27V 45200 | 
Ripple rejection ratio | Vj) =15Vto25V, f=120Hz 37 42 
| : 
lo* a aenualees 2004] 













Output regulation 25°C 
Output noise voltage f = 10 Hz to 100 kHz 


|Dropoutvoltage | 17 
25° 


Bias current > 
ee 125°C 


: V;=16V to 27V - ‘ 
Bias current change 0 Cto125 C 
lo =1mAto 40 mA 






O 
! 
| | 45200 | 
| |, 36042 
De 30100 | 30100 
0 
: eae) ae 
ec ee 
l 


uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature , 
V| = 23 V, Io = 40 mA (unless otherwise noted) 


PARAMETER 


Output voltage 














TEST CONDITIONSTt 


oe ee Aaa er 
Vi=175Vto30V, IQg=1mAto40mA = o,, 14.25 
0 Cto 125 C 


lo =1 mAto 70mA 14.25 
; V, =17.5 V to 30 V 7 70 
Input regulation 25 C 
V, =20V to 30 V 
Ripple rejection ratio | V; = 18.5 V to 28.5 V, f = 120 Hz 
lo= 
| =~ 


c 
> 
“J 
oe 
re 
-_ 
$3) 
> 
Oo 
c 
| 
~l 
a 
8 
Cc 
= 
+ 





lo =1mAto 40 mA 
Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage ei Season eee | (ee 7 


Bias current 





=1 mA to 100 mA 
Output regulation 25 C 







0Cto125 C mA 


Bias current change 
i= 1 mA to 40 mA a 1 ee: 2 





TAI! characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 LF. All characteristics 
except noise voltage and ripple rejection ratio ara measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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LINEAR 
INTEGRATED CIRCUITS 


3-Terminal Regulators 

Output Current up to 500 mA 

No external components 

Internal Thermal Overload Protection 


Direct Placements for Fairchild zA78MOO Series 


and National LM341 Series 


@ High Power Dissipation Capability 


Internal Short-Circuit Current Limiting 


NOMINAL 
OUTPUT 


—55°C TO 150°C 
OPERATING 


SERIES uA78M00 
POSITIVE-VOLTAGE REGULATORS 


BULLETIN NO. OL-S 7612403, JUNE 1976 





0°C TO 125°C 
OPERATING 


VOLTAGE | TEMPERATURE RANGE |TEMPERATURE RANGE 


uA78M05M 
uA78M06M 
uA78M08M 
uA78M 12M 
uA78M15M 
uA78M20M 
uA78M24M 


uA78MO5C 
uA78MO06C 
uA78M08C 
uA78M12C 
uA78M15C 
uA78M20C 
uA78M24C 





PACKAGES “KC, KD, and LA 


Oo INPUT 


@ Output Transistor Safe-Area Compensation 


description schematic 
This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overlaod. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 






OUTPUT 


. - OMMON 
terminal assignments 


Resistor values shown are nominal and in ohms. 


KC PACKAGE KD PACKAGE LA PACKAGE 


(TOP VIEW) 


\ INPUT 


(TOP VIEW) 


3 OUTPUT 


TO-202AB 


(TOP VIEW) 


OUTPUT 


COMMON 


TO-220AB 
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absolute maximum ratings over operating temperature range (unless otherwise noted) 




















uA78M05M | uA78MO0SC 
THRU THRU 
uA78M24M uA78M24C 














a eee ie ee 
fAllothes—SSC«dYSCi‘BSSC*YSCt 
[KC (TO-220A8) package | __2 | 2 
Continuous total dissipation at 25°C free-air temperature (see Note 1) }KD(TO-202AB) package | 15 | 15 | WwW 
jtApackage | | 
| Continuous total dissipation at (or below) 25°C case temperature W 
(see Note 1) LApackase SECT 
Operating free-air, cse,or virtual junction temperaturerange—=—SSSSCSCS*~C~*~*dtC TTD | OLOI | 
65 10 160 °c 
*C 





ree ee: 
Lead temperature 1/16 inch from case for 60 seconds LA package | = 300 Ss | 300” “C 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4. 


recommended operating conditions 


Input voltage, Vj 
uA78M24M, uA78M24C 
Output current, !o F500 
|-55 150 | 


ZN : ; : uA78M0O5M thru uA78M24M 
Operating virtual junction temperature, Ty ATONORC Ti rote 


V 
A 
°C 
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[output noise voltage | = 10 Hz to 100 kz 


uA78M05M, uA78MO05C electrical characteristics at specified virtual junction temperature, 
V, = 10V, lo = 350 mA (unless otherwise noted) 


uA78M05M 
PARAMETER TEST COND!TIONSt 
MIN TY A 


ee ee 
Output voltage Vi; =8V to 20V —55° C to 150°C 4.7 
lo = 5 mA to 350 mA 


=7V to 20V O°C to 125°C 
Io = 200 mA 


= 
Vi= 
25°C 
V}=8V to 18V, Ip = ves : 
f= 120 Hz 
2 
: 
= 


Temperature coefficient —55°C to 150°C 
of output voltage 0°C to 125°C 





uA 78M05C 
Y 


Pad 
= 
2 
“| 


> 
_ : 
0) 
w a 
—_ s 
8 


= 
> 
x 


















or 
(oN) 


7 


on 
oi 
NO 
a 


Input regulation 





Ripple rejection 






N 
Oo 


Bropourvorage =f SSCSC~C~SCSC‘“—~SsS*S~*~dCSCt CC” 
—55°C to 150°C 
Io = 200 mA, Vj =8 V to 25V = = 
OCto 125 C 


arr ee —55°C to 150°C 
Oe ere 0°C to 125°C 


V)=35V 25°C 


Bias current change 


Short-circuit 
output current 


[Peakoutputcurent fC 


700 700 


0 
= 


t All characteristics are measured with a capacitor across the input of 0.33 AF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (t,,.< 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 


be taken into account separately, 





SHOLVINDAY JDVLIOA-AAILISOd 
JSOWSLV" ‘WSOWSLY® S3dAL 


e2ecd SYX3L ‘'SYT1vd0 * Z2tos xOG ADIZAO 150d 


792 


GALVUYUOdHO INI! 


SLNAWNUYLSN] SVXIL 


49 


uA78M06M, uA78MOEC electrical characteristics at specified virtual junction temperature, 
V, = 11 V, Ig = 350 mA (unless otherwise noted) 


uA78M06M uA78M06C 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX 
6.3 


ps | 5.75 6.25 ve 











Output voltage ieeenmieseoma Wine ay —55°C to 150°C | 5.7 [Pet ee 


Vi =8Vto21V 0°C to 125°C 
Vv; =8Vto25V 
19 = 200 mA Vv, =9Vto20V 25°C 
Vj =9V to 25V 
V)=9V to 19V, 










Input regulation 








seerey eam 
0°10 125°C = 
(= 300 mA a 80 ee 






MIN 
5.7 
59 





P MAX 
6 : 
6.3 
80 
20 120 


V 
mV 
mV 





(9 = 5 mA 10 500 mA a ee 
Output regulation 25 C 
lo = 5 mA to 200 mA P00 
srcwmre | os] 
=5mA ee 
Wowie | Cd CO 
ce <= ) 
Le a ee ee 
SE -  O  Y W 
=ssctoiso’c | OB TC 
: : mA 
sectoisorc [| SP 
lo =5mA to 350 mA _ = 
octoic {| Cd 


Short-circuit 
output current 


TAIN characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 UF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty,< 10 ms, duty cycle < 5%), Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


Temperature coefficient , 
of output voltage 0 


Output noise voltage f = 10 Hz to 100 kHz 
Dropout voltage 











Ic = 200 mA, Vj =9 V to 25V 






Bias current change 
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uA78M08M, uA78MO8C electrical characteristics at specified virtual junction temperature, 
V, = 14V, Ig = 350 mA (unless otherwise noted) 


PARAMETER 


Output voltage 










= 
2 
-| 
v0 
= 
> 
* 





uA78M08M 
MIN TYP MAX 
8 8.3 


uA78M08C 
Y 
77 8 


TEST CONDITIONST 


=115Vto23V —55° Cto 150°C 
19 =5 mA to 350 mA 


Vj . 
V, = 10.5 V to 23 V 
VI 

25° 

3 






ie) 
(e) 





= 

> 
~J 
© 
ie 


| 
w 
Oo 
rep) ron) 
roe) 
oe ‘ 
3 
< 


: 
oO 
Oo 











Input regulation 





= 10.5 V to 25 V 
19 = 200 mA Vi=11Vto20V 
Vj =11V to25V 


°C 
Cc 
—55°C to 150°C 
V,=11.5 V to 21.5V, {ig = 100mA - 


0Cto125C 


f = 120 Hz 
O = 300 mA 


Ripple rejection 









7.7 
7.6 
56 


2 
10 40 







| 
00 
Oo 
=| 
ola 
-_ 
oO} 
o| 6 
3 
< 


; lo = 5mA to 500 mA 
Output regulation 25 C 
lg = 5 mA to 200 mA 
Temperature coefficient 5 mA —55 C to 150 C 
=5m 
of output voltage 0°C to 125°C 
Output noise voltage f = 10 Hz to 100 kHz 
oO 


: 


on 

H 
< 
™ 
O 






V1} =11.5V to 25V 
V} = 10.5 V to 25 V 


—55°C to 150°C 
Io = 5mA to 350 mA = 
Q0Cto125C 


lo = 200 mA 








Bias current change 


Short-circuit 


8 
700 





V,=35V 25°C 250 
output current 
[Peak outputeurrent = | COC” 700 





TAI! characteristics are measured with a capacitor across the input of 0.33 KF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 
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uA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature, 
V} = 19 V, Ig = 350 mA (unless otherwise noted) 


























[wavewiam [| _‘wA7eMi2C 
PARAMETER TEST CONDITIONS* UNIT 
MIN TYP MAX | MIN TYP MAX 
CS 12125 1905 12125 
Vi=15SVto27Vv | se Cto1se’C [114 126 | 
Output voltage Ig =5 MA to 350 mA 2 . ” 
Vi=ssVowv | CCwoime | {wa 126 
Input regulation 19 = 200 mA Vi = 16 V to 25V 25°C ree a ees 
Vi=16V t030V ere 
eco | ‘| + 
; ee V; =15V to 25V, 19 =100mA : = 
f = 120 Hz & 
[9 =300mA a iT a 
ig = 5 mA to 500 mA 120 | SAO 
bamureeainan seem ay 
ig = 5 mA to 200 mA a 10120 
Temperature coefficient s5ctoisoc | = -1t—“(iT CC SCidC 
o oO mV/PC 
of output voltage Gcwisc | TT 
[Dropoutvoltage | OC™~—“—sSCS*SSSSSSSC‘iTSC‘( SFC] CCU CCTTTTC«drSC( Cd 
[Biascurrent_ | C—C“‘(CSCSC™C(*SLSCOCOCtSCDSC“( <$EST a BU TB Tm 
Vizi5Vtoz0v | -ss°Cto1so’'c | OB | —CiCsCidz 
Io = 200mA = - 
W=145Vto30v | Octoi2c | CT C—C“‘SC(OSSCSY 
Bias current change Ps 
spectoiso’c | OS | 
19 =5mA to 350 mA - r 
Octoizc | 
Short-circuit 2 
V,=35V 25°C mA 
output current 
[Peak outputcurent [| SS SSCSC™C~<“—;C*~SCSC~*SdYC(‘(Ct CT SCCOOC*C*‘“‘C*L’SOC‘éOO’™C*C‘“CSS*@LCCAN'*C‘' 





TAN characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%) Output voltage changes due to changes in internal temperature must 
be taken into account separately. 
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature, 
V, = 23 V, Ig = 350 mA (unless otherwise noted) 


uA78M15M 
PARAMETER TEST CONDITIONST 
MIN TYP MAX 


Output voltage =18.5Vto30V | —-55°Cto 150°C | 14.25 15.75 
lo =5mA to 350 mA 













uA78M15C 
TYP MAX 
4 


= 

2 
Cc 
= 
=| 


15 15.6 


J 
o 
i=.) 


15.75 


Vv 
V 


V,=17.5V to 30V O°C to 125°C 











G 
< 


“S5°Cto 150°C | 54 
V) = 18.5 V to 28.5 V,|Ig = 100 mA italic 
Octoic | 





Ripple rejection 
Pee f = 120 Hz 





| = 18. 
1=17. ae 
Input regulation lo = 200 mA 25 C 
Vj=20V 10 30V 





7 
2 
10 150 


Oo 


2 0 
, 
0 


3 
0 

lo = 5 mA to 500 mA 5 

Output regulation 25 C 

lo =5mA to 200 mA 0 75 
2 
8 
0 


-_ 
ol 


a 
io) 
& 
< 
™ 
i?) 


on 
2) 
—) 
ro) 
ie 
< 












6 4 


4 


(oe) 
E 
> 


Vi=185Vto30V | -SSCto150°C | si 


Bias current change 


Temperature coefficient —55°C to 150°C a. 
lo =5mA 3 
of output voltage Powe | SS 


lo = 200 mA ! 7 
V, =17.5 V to 30V Octoi2°c {| | 
ssectoiso’c | CSC 
lo =5mA to 350 mA 3 
0°C to 125°C 
Short-circuit 5 
V,=35V 25°C 24 
output current 
[Peak outputcurrent =| CE CTC” 70 


TAI characteristics are measured with a capacitor across the input of 0.33 UF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


ee 
> 


. 





: 
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uA78M20M, uA78M20C electrical characteristics at specified virtual junction temperature, 
V, = 29 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


psc 192 20 208 
Output voltage Vi=24Vt035V | -55°Cto150°C | 19  — 21 | Vv 
lo =5mA to 350 mA 







Vi=aveo3sv | octoic | | 9 ot 
Input regulation 19 = 200 mA Vie 25°C mV 
Vi = 24V to 35.V 530 | SO 
“se°croisorc | ss | 
Ig = 100 mA = = 
acre {| | 
I = 300 mA 5370 5370 
Ig = 5 mA to 500 mA Si 
Output regulation 25 C 
lo =5mA to 200 mA 
Temperature coefficient —55°C to 150°C 
lo =5mA : 25 
of output voltage 0Cto125C 
Output noise voltage f = 10 Hz to 100 kHz 


ce A 
[Biescurent ~4|SSSCSCSCSC—SCSSSCiYCwCdCOs“‘(C™ASCOC~*S*S 














V, = 24 V to 34V, 
f = 120 Hz 






Ripple rejection 















Vi, =24V to 35V —55°C to 150°C 
19 = 200 mA ~ = 
V; = 23 V to 35V 0°C to 125°C 


—55°C to 150°C 
to =5mA to 350 mA = zs 
0C to 125 C 
Short-circuit 


Vv, =35V 25°C 
output current 


[Peak ourputeurene [| ——S—S—CSCSC—SSSS rd 700 


TAI characteristics are measured with a capacitor across the input of 0.33 UWF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must 
be taken into account separately. 


Bias current change 








SHOLVINSIAY ADVLIOA-JAAILISOd 
JOZIVZINSLY" “WOZINSLY" SadAL 


Z22SL SYX3BL ‘SYTIVO © ZIOS XOB 30ls4d0 1S0d 


G3LVUYUOdHOONI 


SLNAIWNULSN] SVXAL 


692 


929 


uA/78M24M, uA78M24C electrical characteristics at specified virtual junction temperature, 
V, = 33 V, Ig = 350 mA (unless otherwise noted) 


aE. A78M24C 
PARAMETER TEST CONDITIONSt a 


Eee 
Output voltage lo = 5 mA 10 350 mA [Vj =28Vto38V | V to 38 V eo ee C to 150°C 


Cerra eC el C to 125°C 
IQ = 200mA 













TREE 
=30V to 36 V 
=28 V to 38 V 


Input regulation 










—58°C to 150°C 
7 = 28 V to 38V, 19 = 100 mA 
Ripple rejection octwoisc | id 
f = 120 Hz 









| [9 = 5mA to BOO mA 
Output regulation 25 C 
[g=5mA to 200 mA so a 


Temperature coefficient —55°C to 150°C a ees Ce ee 3 
mV/°C 
of output voltage GHG to 12 i ed 


f = 10 Hz to 100 kHz | ec TOC“ (CTC tOCC“‘isdL:Cw 
eigen iene ee ee ee 
|Biascurrent | C(i‘i‘“‘“‘“‘“‘“‘imY OU Bm 
Vj=28Vt038v | -ssctoisorc | | 
19 = 200 mA - . 
Vj = 27V to 38V OG 1G | 
=sectoisoc | |S 
lo =5mA to 350 mA 3 ° 
Octoisc | 
Short-circuit ; o 
Output current 
[Peak outputcurent | ———SCSCSCSCSTSCSC‘YC a CdYSSCSCCSC~*SOO~C~C~‘d(CP SOO —C~dY CA _Y 


TAI characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%}. Output voltage changes due to changes in internal temperature must 
be taken into account separately. 






Bias current change 
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SERIES uA78M00 
POSITIVE-VOLTAGE REGULATORS 





Maximum Continuous Dissipation—mW 


Maximum Continuous Dissipation—mW 





THERMAL INFORMATION 


KC AND KD PACKAGES 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 


KC (TO-220AB) package 
Derating factor = 16 mw/c 
Raja ~ 62.5 C/W 


KD (TO-202AB) package 
Derating factor = 12 mW/C 
Raja © 83.3°C/w 


50 75 100 125 150 
Ta—Free-Air Temperature—C 


FIGURE 1 


LA PACKAGE FREE-AIR TEMPERATURE 





DISSIPATION DERATING CURVE 


Derating factor 4.8 mW/°C 
Rg ja © 210°C/w 


Ta—Free-Air Temperature— C 


FIGURE 3 
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Maximum Continuous Dissipation—W 


Maximum Continuous Dissipation—W 


KC AND KD PACKAGES 
CASE TEMPERATURE 
DISSIPATION DERATING CURVES 





10 KC (TO-220AB) package 
9 Derating factor = 250 mW/C 
above 120°C 
8 
7 
6 
5 
4 
3 
KD (TO-202AB) package 
2 | Derating factor = 80 mwW/C 
1 above 56°C 
Rejc © 12.5°C/W 
0 
25 50 75 100 125 150 


Tc—Case Temperature 


FIGURE 2 


LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


Derating factor = 40 mW/C 
above 25 °C 
Rajc © 25 C/W 





Tc—Case Temperature—C 


FIGURE 4 





PRINTED IN U.S.A. 6 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


LINEAR — SERIES uA7900 
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS 


BULLETIN NO. DL-S 7612404, JUNE 1976 























NOMINAL —55°C TO 150°C 0°C TO 125°C 
OUTPUT OPERATING OPERATING 
VOLTAGE |TEMPERATURE RANGE|TEMPERATURE RANGE 
uA7905M uA7905C 
uA7906M uA7906C 
uA7908M uA7908C 
uA7912M uA7912C 
uA7915M uA7915C 
uA7918M uA7918C 
uA7924M uA7924C 


PACKAGES|__-KA_—_| KA and KG 


e 3-Terminal Regulators 
e Output Current up to1.5A 






e No External Components 





@® {nternal Thermal Overload Protection 


e Direct Replacements for Fairchild 1 A7900 Series 








e Essentially Equivalent to National LM 320 
Series 






e High Power Dissipation Capability 


e Internal Short-Circuit Current Limiting 


KA PACKAGE KC PACKAGE 







e Output Transistor Safe-Area Compensation 






(TOP VIEW) (TOP VIEW) 


description 





INPUT OUTPUT 


TO-3 






This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 









OUTPUT 


[INPUT 
= COMMON 


COMMON 


















TO - 220AB 


eon 





schematic 





| -24V 
VERSIONS 


Resistor values shown are nominal and in ohms, 
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SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA7924M, uA7924C 
Input voltage 
All others 


| ee ; KA (TO-3) package 
Continuous tota! dissipation at 25 C free-air temperature (see Note 1) ee WwW 










uA7905M 
THRU 
uA7924M 


uA7905C 
THRU 
uA7924C 















KC (TO-220AB) package 









Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
[Operating free-sir, case, or virtual junction temmperaturerange | 
[ Storage temperaturerange—SSCSC~CSC~SCSCSCSCSCSCSCSCiSC 
KC (TO-220AB) package} 260 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2, 


TO-3 AND TO-220AB FREE-AIR TEMPERATURE TO-3 AND TO-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVE 


KA ({TO-3) package 
Derating factor = 28 mw/c 
Raja ~ 35°C/W 


KC (TO-220AB) package 


Derating factor = 0.25 W/°C 


Maximum Continuous Dissipation—W 
Maximum Continuous Dissipation—W 





Derating factor = 16 mW/C above 90°C 
Raya ~ 62.5 C/W Resco = 4°C/W 
25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperatu re—C 
FIGURE 1 FIGURE 2 


recommended operating conditions 









[VA7906M, wa70066 [8 25 
v 






Input voltage, Vy 












uA7924M, uA7924C —27 —38 
Oumtearen ig OS 


Operating virtual junction temperature, Ty uA7905M thru uA7924M P8150 if @ 
uA7905C thru uA7924C ¢) 125 
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uA7905M, uA7905C electrical characteristics at specified virtual junction temperature, 
Vy; =—10 V, 10 = 500 mA (unless otherwise noted) 
















A7905M A7905C 
PARAMETER TEST CONDITIONSt . = UNIT 
MIN. TYP MIN TYP MAX 
er eee ee - e  e 


lo =SmAto1A, V, =—8 V to —20 V | —55°C to 150°C 


P<15W Vj=—-7Vto—20V | O°Cto 125°C 


ce} 

; Vi =—7 Vto—25V P 3 
Input regulation 25 C 

Vi; =-8Vto-12V 1 
; ; —55°C to 150°C 
Ripple rejection V,; =—-8 V to -—18 V, f = 120 Hz : = 
0 Cto125 C 
: Io =S5mAto1.5A ‘5 
Output regulation 25 C 
tg = 250 mA to 750 mA 5 


—4.7 






Output voitage 
: —5.25 


100 


ao 
Oo 


| 
= 
~w 
o 
ie) 


3 
< 


3 
3 3fefe| < | 3 








NO 
con) 
—_ 
Lon) 
oO 


< 


Temperature coefficient 0°C to 150°C 
Ig=5mA 3 

of output voltage 0 Cto125 C 

Output noise voltage f = 10 Hz to 100 kHz 12 
lo 


[Bias curent sd OSOSOSOSSSSSSSSCSCSCSCSiS CS i 


Vv, =-8 V to —25 V —55°C to 150°C 
Vi =—7 Vto —25 V O°C to 125°C 


—55°C to 150°C 
lo=S5mAto1A 7 
QCto125C 


Ps 
No 
uo 


an = 
— 
w nN 


Bias current change 


ol 
| = 
_ ~) on > 
win Gl ww 


2.1 


N 





T Ail characteristics are measured with a capacitor across the inpur of 0.33 WF and acapacitor across the output of 0.1 UF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 


must be taken into account separately. 
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uA7906M, uA7906C electrical characteristics at specified virtual junction temperature, 
V} = —11V, Io = 500 mA (unless otherwise noted) 


PARAMETER 


uA7906M 
Y 


| 28°C | 5.75 6 ~ 6.25 


lo =5mAtoi A, V;=-9Vto—-21V |—-55 Cto150 C | —5.65 —6.35 
P<15W V;=—-8V to—21V O°C to 125°C 


: V}=-8 V to —25 V 
Input regulation 25°C 
Vi, =-9Vto-13 V 1 
ie ou —55 C to 150 C 
Ripple rejection Vy =-9Vto-19 V, f = 120 Hz = 
0 Cto125C 


: : Ig =S5mAtol15A is 
Output regulation 25 C 
Io = 250 mA to 750 mA 


uA7906C 
TYP MAX 
—5.75 —6 —6.25 


TEST CONDITIONSt 












2 


= 
=| 
($3) ms] 
= 
& x 


WwW 
oO 
| S 
on = 
wl~ < 
—_ mn 
van ~—s pes 
NO oO 








Output voltage 
z —6.3 


120 


NO 
3 Cc 
3 3 < 3 3 
OQ 










4 
Temperature coefficient 0°C to 150°C 

lo =5mA s 
of output voitage 0 Cto 125 C 
Output noise voltage f = 10 Hz to 100 kHz 


[Dropout vottage | 19= 1A 


Vv 


Vi =-9 V to —25V ~—55 Cto 150 C 
V,=-8 Vito -25 V O°C to 125°C 
—55 C to 150 C 

lo =SmAto1A 3 
0 Cto 125 C 


Bias current change 


aco, anh 
—> 
wiry 


Peak output current 


No 


2. 


TAI! characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 


and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 
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uA7908M, uA7908C electrical characteristics at specified virtual junction temperature, 
V| = —14 V, lo = 500 mA (unless otherwise noted) 


A7908M A7908C 
PARAMETER TEST CONDITIONSt - = 
MIN. TYP MAX | MIN. TYP MAX 
-8 


sf 7-8 8.3 | -77 8 
0 









~ 
~ 


| 
a 
wo 


an) > 
Cc 
3 3 < 2 


| 
oe) 


6 


P 
8 
Vj=—-105Vto-23Vv |] o°cto12s°c | sid: 
V; = —10.5 V to —25 V 6 
Input regulation 
V}=-11Vto-17V 2 
Ripple rejection V; =—11.5 Vto —21.5V, f =120 Hz . 
0-Cto 125 C 54 
2 
4 
0 
1 


6 160 
2 


Io =5mAto1 A, V| =—11.5 V to —23 V_| —55°C to 150°C 
Output voltage 
P<15W 


8 
4 
8 
4 


mv/° 


.?) 


60 

12 160 
4 80 

00 









2 


= 


25° 

Temperature coefficient octois0c | -06 | 
Ta) = 5 mA ° 

of output voltage octo12e°c fo 


F= 10 Hz to 100 KHz 2 
Dropout voltage IQ=1A 


; 0 
0 
6 
: lo =SmAto1.5A 1 
Output regulation 25 C 
Ig = 250 mA to 750 mA 0 
0 
2 


1 


3 
> 


Vi =-11.5 V to —25 V —55°cto1so°c | sti 
V} = —10.5 V to —25 V Octwi2°c {| 
=e] —SC~t 

Ip =5mMAto1A - . 
o'ctoi2°c | 
Fekousueuren [OSOSC—SSY we 


TAI characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


° 
Cc 

fe} 

o 

° 


Bias current change 
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uA7912M, uA7912C electrical characteristics at specified virtual junction temperature, 
Vt =—19 V, lo = 500 mA (unless otherwise noted) 


A7912M 
PARAMETER TEST CONDITIONSt 
MIN TYP MAX 


lo =5mAto1 A, V, =—15.5 V to —27 V | -55°C to 150°C | —11.4 





uA7912C 
MIN TYP MAX 


—115 -12 -12.5 
V 
—11.4 —12.6 


240 
mV 
120 
















Output voltage 


SHOLVINSAY JDVLIOA-FAILVOAN 


P<15W V, =—-14.5 V to -27 V 0C to 125°C 

: V; = —14.5 V to —30 V 
Input regulation 
V); =—16 V to —22 V 

; oie ie —55 C to 150 C 
Ripple rejection V; =—15 V to —25 V, f = 120 Hz 3 
0 Cto125 C 
: i9 =5mAtoi.SA ‘ 1 
Output regulation 25 C 
Ig = 250 mA to 750 mA 


Temperature coefficient 0°C to 150°C 
lo =5mA - - 
of output voltage 0 Cto125 C 





1 


-_ 
i) 


25 C 


W 









F=10 He to 100 KHz 30 
[Brepoutvorge—fTOTA OT CSC*dS 
a ACC 
V| = —15 V to —30 V 
V1 = —14.5 V to — 30 V 


—55°C to 150°C 
lo =5mAtoTA ° ° 
0 Cto125 C 


TAI! characteristics are measured with a capacitor across the input of 0.33 uF and acapacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in interna! temperature 
must be taken into account separately. 


on Oo NO (ow) 
ut 
nh -_ 
N N N 
Ww (o) oO roy) 
Ww 
[on) -_ 
(=) NO 
NO 
> 
oO 
. 3 
E ie 


ol 
E 
> 


Bias current change mA 


NO 


—_ 
on . 
et) 


1 
2 





| 





JZL6LV9 “INZIGLY" SadAL 


ez2acd SVYX3L 'SVT1IVO °* eT0S xXO@ 3dId40 LSOd 


G3aLlLvyodHoOodonNi 


SLNIWNULSN] SVX4L 


LLé 


949 


uA7915M, uA7915C electrical characteristics at specified virtual junction temperature, 
Vi = —23 V, 1o = 500 mA (unless otherwise noted) 


A7915M 
PARAMETER TEST CONDITIONST - 
MIN TYP MAX 


PC 14-15 -15.6 


Io =5mAto1 A, V; = —18.5 V to —30 V | —55°C to 150°C |—14.25 —15.75 
P<15W V1 =-17.5 Vto—30V | O°C to 125°C 


; V, = —17.5 V to —30 V , 
Input regulation 25 C 
V, =—20 V to —26 V 
: . —55°C to 150°C 
Ripple rejection V, = —18.5 V to —28.5 V, f = 120 Hz = 
0 Cto125C 







uA7915C 
MIN TYP MAX 


—144 -15 —-15.6 
V 
—14,25 —15.75 


150 









Output voltage 











| 
~~ 
o1 
—_ —_ 

No wim 

Ww 

© 

Oo 

3 

< 


11 150 
1 


; lg =S5mAtoi5A 2 
Output regulation 25°C 
IQ = 250 mA to 750 mA 
Temperature coefficient 0°C to 150°C 
Io =5mA > 
of output voltage QO Cto125 C 


(= 10 He to 100 Kee 3 


rs 
-_ 
si} on 
om! oO 
w 
=) 
ro) 
3 
< 


o1 
w 
J 
on 
2 ~ 
< 


Biascurent | OOCOCOCCSCSCSSC~C‘(” OCS 
V) =—18.5 V to — 30 V 


—55 Cto 150 C 
lIo=5mMAto1A = 
0 Cto1i25 C 


Tall characteristics are measured with a capacitor across the input of 0.33 WF and a capacitor across the output of 0.1 WF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


ol 
bo 


NO —_ 
a on 
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uA7918M, uA7918C electrical characteristics at specified virtual junction temperature, 
V} = —27 V, 19 = 500 mA (unless otherwise noted) 
uA7918M 


PARAMETER TEST CONDITIONSt 
N TYP MAX 


=17.3 18 ~18.7 
lo =SmAto1A, V) = —22 V to -33 V|—55°C to 150°C | -17.1 —18.9 
P<15W V,; =—-21 Vto —33 V| O°C to 125°C 
; VV; =-—-21 V to -33 V 2 
Input regulation 25 C 
V, = —24 V to —30 V 
; se —55°C to 150°C 
Ripple rejection V, = —-22 V to —32 V, f = 120 Hz = = 
0 Cto 125 C 
: lgo=5mAto15A s 
Output regulation 25 C 
= 250 mA to 750 mA 


uA7918C 
MIN TYP 


-—17.3 -18 —18.7 
Vv 
—17,1 —18.9 


6 


mV 






S 
on 


—s 
ee) 
io] 

















Output voltage 


| 
oo 
r=) 
R 
| =| _ 
—_ AS 1O ol 
5 3 = 
3 ro) x 
B 
< 






lo= 

Te) 
lo=tA 
Vi 
Vi 


—_ 
_ 
rs 
Oo 
Oo 
: 
< 


| 
E 


1 
1 


Taiesearent [Cid 
= —22 V to —33 V —55°C to 150°C 
=—21V to —33 V O°C to 125°C 


—55 C to 150 C 
Ig =SmAto1A 3 
0 Cto 125 C 


TAU characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 


= 
ol 
i) 
_ 
oO 


NO o 
an 


3 


Temperature coefficient a O°C to 150°C 
= m S 
of output voltage 0 Cto 125 C 






Bias current change 


3 
> 
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uA7924M, uA7924C electrical characteristics at specified virtual junction temperature, 
V} = —33 V, [lo = 500 mA (unless otherwise noted) 


A7924M A7924C 


MIN TYP MAX TYP MAX 
: —23 —- —2 _ 
| Vis=27 V0 ~38V 
input regulation 25 C 
, 54 
Pa 24 











= 
2 


| 
N 
on 
N 
N 


o Dp 
Db | 
i a 


Io=5mAto1 A, V| = —28 V to —38 V | —55°C to 150°C 
P<15W V)=—27 V to -38 VV] 0°C to 125°C 


Output voltage 


V 
—22.8 —25.2 





= 80 
mV 
Vj = 20 V0 -36V pete ae eee Or 
ene =55°C 10 150°C Pete on ae 
Ripple rejection V; = —28 V to —38 V, = 120 Hz = 
O°C to 125°C 


5 
0 
0 


Output regulation 


= 
ALN 
nN] a 
B| 
o|o 
5 
< 


Dropout voltage 


3 

< 
~ 
oO 


2 
1 1 
6 

54 6 
1 
ie : 


Bias current 


lS EST GT 
V1 = —28 V to —38 V —55 Cto 150 C 
= 


3 1 


Output noise voltage | T= 10 Hz to 100 Ke Ec 
(pee 


V, = —27 V to —38 V O°C to 125°C 

“55°C to 150°C 
Io =SmAto1A : 

ocroisrc fo 
[Peak oumeurens | S™SC™~—<—sS~S™SSC CdS 2 


TAM characteristics are measured with a capacitor across the input of 0.33 WF and acapacitor across the output of 0.1 uF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately, 


Bias current change 


Temperature coefficient octoisoc | 1 
lo =5mA ry ° 

of output voltage 0 Cto 125 C 
lo 





8 
6 
25°C 
1g = 250 mA to 750 mA 4 120 
5 
1 





a on 
w 

3 
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LINEAR SERIES uA79M00 
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS 


BULLETIN NO, DL-S 7612405, JUNE 1976 








e 3-Terminal Regulators NOMINAL —55°C TO 150°C 0°C TO 125°C 
No Es: ic VOLTAGE |TEMPERATURE RANGE| TEMPERATURE RANGE 

2. NO: External Components uA79MO05M uA79MO5C 

e Internal Thermal Overload Protection uA79M06M uA79M06C 

e Direct Placements for Fairchild n. A79MOO Series uA79M08M uA73M08C 

© Hiah P Dissipation Cavabili uA79M12M uA79M12C 
ign Power Dissipation Capability uA79M15M UA79M15C 

e Internal Short-Circuit Current Limiting uA79M20M uA79M20C 

e Output Transistor Safe-Area Compensation uA7TSM24M UATIM24C 

PACKAGES KC, KD, and LA 
description schematic 


This series of fixed-negative-voltage monolithic 

integrated-circuit voltage regulators is designed to 
complement Series uA78MOO in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 





O) 
"Resistor values shown are nominal and in ohms. INPUT 


terminal assignments 





KC PACKAGE KD PACKAGE LA PACKAGE 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


OUTPUT 


a ; 
_—— OU TT PUT \ 
OUTPUT ICOMMON 
INPUT _——————— INPUT 
COMMON / <> COMMON 


INPUT 


TO-220AB TO-202AB 
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Sei gS a uA79MO5M thruuA79M24M | -55 150] , 
Operating virtual junction temperature, Ty rGATOMOBC thru uA79M24c 10125 7] Cc 


SERIES uA79M00 
NEGATIVE-VOLTAGE REGULATORS 





absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA79M0O5M_ | uA79MO05C 
THRU THRU 
uA79M24M 


uA79M20, uA79M24 

All others 

KC (TO-220AB) package 
Continuous total dissipation at 25°C free-air temperature (see Note 1) KD TO-202AB package 


Input voltage 


LA package 
Continuous total dissipation at (or below) 25°C case temperature KC and KD package 
(see Note 1) LA package 
Operating free-air, case or virtual junction temperature range 
Storage temperature range 


Lead temperature 1/16 inch from case for 10 seconds KC and KD packages 
Lead temperature 1/16 inch from case for 60 seconds LA package 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4, 


recommended operating conditions 






CMIN MAX] UNIT | 
WA79MOB_{=10.5=25 
WA7OM12_ [145-30 |v 
eATOMIs «| 28 85 

Output current, lo | 500 | mA | 
















Input voltage, V| 
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NEGATIVE-VOLTAGE REGULATORS 





uA79MO5M, uA79MO5SC electrical characteristics at specified virtual junction temperature, 
V; = —10 V, Io = 350 mA (unless otherwise noted) 









uA79M05M uA79MO05C 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP MAX |MIN TYP MAX 
es | —5.2 —5  —52 
Output voltage SE ey ere ren ee oe 5.25 a & 
orcto125°c | 4-78 -5.25 
V1 = —7 V to -25 V ; ee ee ee 
25 C 
Vj==8V to-18V [3 s0[ 3 ao] ™ 
-55°C to 150°C as) ae 
V}=-8Vto—-18V, {Ig =100mA : . 
ewrac | =i 
f = 120 Hz 3 
ig=woma [ase [ea eo eo 
[tom SrA t0 500 mA 8100 [100 
Output regulation 25°C 
io = 5 mA to 350 mA ee 
Temperature coefficient —55°C to 150°C ee eS aeaee 
5mA mV/°C 
of output voltage 0°C to 125°C p—_____} 04 
f = 10 Hz to 100 kHz ee 
< 
aE a REED 
=B5°Cto1so0°C | iT 
V;=-8V to —25V 
Ocroizc | 
—55°Ctoisec | 






Input regulation 



















Ripple rejection 


















Output noise voltage 





Dropout voltage 


Bias current 


oy 
i 





Bias current change 








Iq = 5mA to 350 mA 
Ore eae 0°C to 125°C 


Vi =-30V 25°C 
output current 
Peak ourputcurent | SSCS 


TAI characteristics are measured with a 2-uF capacitor across the input and a 1-4F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 







Short circuit 





in internal temperature must be taken into account separately. 
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TYPES uA/SMO06M, uA/SMO06C 
NEGATIVE-VOLTAGE REGULATORS 





uA79MO06M, uA79MOEC electrical characteristics at specified virtual junction temperature, 
V) =—-11V, lg = 350 mA (unless otherwise noted) 


A79MO6M uA79MO6C 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX |MIN TYP MAX 


pO 875-6 6.25 [5,75 -6 -6.25 
Output voltage —55°C to 150°C |-5.7 63{ |v 
Octo125°C | 5 -6.3 
25°C 
Vi = —-9 V to -19 V po OO 
—55°C to 150°C 
0°C to 125°C 


25°C 


lo = 5 mA to 350 mA, Vj = —8 V to —25 V 
Input regulation mV 


Vij =-9Vto-19V, 
f = 120 Hz 


lo = 100 mA 
Fiipple rejection 0 


lo = 300 mA 


Oo =5mAto 500 mA 2 
25°C 


Output regulation 


0 =5mAto 350 mA 


Temperature coefficient 
of output voltage 
Output noise voltage f 


Dropout voltage 


10 Hz to 100 kHz 


—55°C to 150°C 
0°C to 125°C 
25°C 
25°C 
25°C 





—55°C to 150°C 
0°C to 125°C 
—55°C to 150°C 
O°C to 125°C 


V,;=-9V to -25V 
Bias current change 
lg =5mA to 350 mA 


Short circuit 


V,=-30V 25°C 


output current 


Peak output current 


25°C 


TAII characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%), Output voltage changes due to changes 
in Internal temperature must be taken into account separately. 
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NEGATIVE-VOLTAGE REGULATORS 





uA79M08M, uA79MO8C electrical characteristics at specified virtual junction temperature, 
V, =—19 V, Ig = 350 mA (unless noted) 


uA79M08M uA79MO08C 
PARAMETER TEST CONDITIONSTt UNIT 
MIN TYP MAX|MIN TYP MAX 
be ee ee Oe: Jee 28 ea lar a 88 
-55° ; 
eurpurve)tag. lg = SMA to 350 mA, Vi = —10.5 V to —25 V 2 Gite ue Cizue : 
octoisc| (\-76 “8A 
| t ! ti Vy re ~—10.5 Vv to —25 Vv 25°C V 
nput reguiation 
iis Vj= a1 Vite -21V ee ee) 
=e Ctotsoc] OTC 
Io = 100 mA - - 
Octoizc | | 50s 
ig = 300mA NE 
lo =5 A 7 90 160 90 160 
O mA to 500 m 25°C 6 aN 
Io = 5 mA to 350 mA a ee 


Temperature coefficient —55°C to 150°C ye ee y 
io =5mA 7 . mvV/C 
of output voltage octois’c | | OC 
[Output noise voltage |= 10 Hz to 100 KHz 
[Dropoutvoltage tt tt 


PBiscurent | SSCSCSSCSCS Swed ml 
—55°Cto1soc| — 
V; = —10.5 V to —25 V re 6 
octoisc | = | | 
° ° mA 
ee. seco wel Oat 
= 'e) 
Short circuit ° 
output current 


Peak output current | src | sso | ss 
















< 




















V, = 11.5 V to ~21.5V, 


Ripple rejection 
eae f=120Hz 






Output regulation 














Bias current change 








TAI characteristics are measured with a 2-uF capacitor across the input and a 1-KF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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TYPES uA79M12M, uA79M12C 
NEGATIVE-VOLTAGE REGULATORS 





uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
V,; = —19 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONST 


a a ee ee 


° 









uA79M12M uA79M12C UNIT 
MIN TYP MAX | MIN TYP MAX 


—11.5 —12 -12.5 

Ha 126] CV 
80 

mV: 





Output voltage 






lo = 5MA to 350 mA, V_ = —14.5 V to —30 V : - 
OC to 125 C 


| 
oO 
a1 
QO 
a 
fe) 
—_ 
on 
o 
© 


Geo V| = 145 V to —30V sue 9. 80 
r I 
tea will V)=—15 V to —25 V 


=ssrctoisorc| 50 









V| =—15 V to —-25V, 


f = 120 Hz 
lo = 300 mA 


Ripple rejection 
lo=5mAto 500 mA 


Output regulation 

p= 5 mA to 350 mA 
Temperature coefficient 
lo =5mA 
of output voltage 


[Output noise voltage__ | f = 10 Hz to 100 kHz 


Dropout voltage 


Bias current 










25°C 


25°C 


3 


ee 
<|<|/ 3] =< 
QO 


oa ae 9 
=) 
eee) 
| 54 60 
[S240 | 
ee 
—55°Cto1s0°c | 08 
ectoi2°c | si 0.8 
arc | 0— 
25 Ge — A = | 
arc | S| 
—55°Cto1s0C|] 04 
PF 


—55°C to 150°C 


Ocroisc fo 


V) = —-14.5 V to -30 V 
Bias current change 








lo = 5mA to 350 mA 





Short circuit ° 

Vp=—-30V 25 C mA 
output current 
25°C a: 





Tt All characteristics are measured with a 2-uF capacitor across the input and a 1-/F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in interna! temperature must be taken into account separately. 
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TYPES uA79M15M, wA79M15C 
NEGATIVE-VOLTAGE REGULATORS 





uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
V, = —23 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER 


Output voltage 


Input regulation 


Ripple rejection 


uA79M15M uA79M15C 


MIN TYP MAX | MIN TYP MAX 


—14.4—15 —15.6| -14.4-15 -15.6 


: 14.25 7 









TEST CONDITIONST 








19 =5 mA to 350 mA, V1 =—-175 V to—30 V J78S.C to 150. C 


0°C to 125°C 


V) =—17.5 V to —30 V 9 
25°C 
V) =—18 V to -28 V 7 
V) = —18.5 V to -28.5 V9 = 100 mA 
| . 0 ies 0°C to 125°C 


o 
f = 120 Hz _ 
0 = 300 mA 

lo =5 mA to 500 mA ‘ 

Output regulation 9 25 C 
9=5 mA to 350 mA 
Temperature coefficient —55°C to 150°C 
of output voltage ° 
te} 


~~ 
oi 


14.25 —15. 






54 59 
65 


| 
on 
oO 
Oo) 
ot 
oO 

— 
a 
o 


2 


f 


o 
a ae 
3 olol la 
a} 
on} 0 
ole 
Cc 
3 3 
< < 


S 
“4 (=) 





3 

< 
~ 
2) 










O°C to 125°C 
Output noise voltage —_|f = 10 Hz to 100 kHz 


Dropout voltage 


375 


65 
375 
1.5 


—_ 
ao 


5 fe} 

—55°C to 150°C 

V| =—17.5 V to —30 V : 
OCto125C 
0°C to 125°C 


Bias current change 


| 
on 
a 
oO 
ot 
oO 
—_ 
o 
ro) 
co) 


oe oy 
oi 
3 
> 
S 
[o) 
oO 
Oo 
3 
> 


Short circuit ° 
= —30V 25 .C 
output.current 


TAI! characteristics are measured with a 2-uF capacitor across the input and a 1-#F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately, 


rllllt 
S w 
& 
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TYPES uA79M20M, uA79M24C20C 
NEGATIVE-VOLTAGE REGULATORS 





uA79M20M, uA79M20C electrical characteristics at specified virtual junction temperature, 
V, = —29 V, Ig = 350 mA (unless otherwise noted) 


PARAMETER 


Output voltage 
' : ‘ait V| =—23 V to -35V 25°C 12 
nput regulation 
i tala V| =—24V to —34V 70 
—55°C to 150°C 


; pee V) =—-24V to —34V, [lg = 100 mA 5 S 
Ripple rejection QOCto125C 
f = 120 Hz = 






uA79M20M 
MIN TYP MAX 
=19.2 -20 -208 
° 2 
lo = 5 mA to 350 mA, Vj = -23 V to —35 V FER Eto 180 CG] ~I9 =f 
O'C to 125°C 


uA79M20C 
MIN TYP MAX 
—19.2 —20 —208 





TEST CONDITIONST 


Cc 
= 
+ 









— 
~J 
[a] 





=) 










Bias current change 


5 oil Amant —55°C to 150°C 
OS ee 0°C to 125°C 


3 
=| < a 3 


— 
=) 
w 
(=) o 
i=) 


: lo = 5 mA to 500 mA e 75 75 300 

Output regulation 25°C 

j= 5 mA 10 350 mA ps0 
Temperature coefficient —55°C to 150°C a od 

lo =5mA 5 7 
of output voltage OCto125C Ft 
Output noise voltage f = 10 Hz to 100 kHz | 500s Ki 
Dropoutvoltage «4 SCSCSC“C~SCs‘“‘~‘C~CS*é~*dCSSCt SCC” | eee 
a Lr Fie as 

V1 =—23 V to -35 V zon C1010 ¢ Denese 


Short circuit 7 
V,;=-30V 25 C 
output current 


TAIl characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately, 


(ga gy gt I A RS LE EL ET 
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TYPES uA79M24M, uA79SM24C 
NEGATIVE-VOLTAGE REGULATORS 





uA79M24M, uA79M24C electrical characteristics at specified virtual junction temperature, 
V, = —33 V, Ig = 350 mA (unless otherwise noted) 


TEST CONDITIONSt |__wA7OM24M | _vA7SM24C_| 
MIN TYP MAX |MIN TYP MAX 


55°C to 150°C 
Io = 5 mA to 350 mA, V| = —27 V to —38 vy 
OC to 125 C 


V| = —27 V to —38 V 
a 


V) = —28 V to —38 V 









PARAMETER 





Output voltage 


—_ 
Nh 
~ 
© 
och 
NO 
~ 
o 
3 
< 







Input regulation 












—55°C to 150°C 
0°C to 125°C 
Io = 300 mA 25°C 


Io = A 
Oo =5mA to 500 m 25°C 





V) = —28 V to -38 V, 


Ripple rejection 
ers f= 120 Hz 








Ig =100mA 


~~ 
o 
Ww 
© 
Oo 
~J 
oi 


Output regulation 


lo =5mA to 350 mA 


O°C to 125°C 
25°C 
a 
ee ee 
—55°C to 150°C 

0°C to 125°C 
~55°C to 150°C 
O°C to 125°C 


Temperature coefficient 
of output voltage 
Output noise voltage 
Dropout voltage 


Bias current 


V; = —27 V to —38 V 
Bias current change 
lg = 5 mA to 350 mA 


Short circuit PS 
V1, =—-30V Ny 25°C 
output current ~ 


Peak output current 








TAI characteristics are measured with a 2-uF capacitor across the input and a 1-MF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%), Output voltage changes due to changes 
in interna! temperature must be taken into account separately. 
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SERIES uA7SM00 
NEGATIVE-VOLTAGE REGULATORS 





THERMAL INFORMATION 


KC AND KD PACKAGES KC AND KD PACKAGES 
FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVES 


KC (TO-220AB) package 
Derating factor = 250 mW/C 
above 120°C 


KC (TO-220AB) package 
Derating factor = 16 mw/C 
Raya © 62.5 C/W 


KD (TO-202AB) package 
Derating factor = 80 mW/°C 
above 56°C 


MaximumContinuous Dissipation—W 


KD (TO-202AB) package 
Derating factor = 12 mW/°C 


Maximum Continuous Dissipation—mW 





Roja © 83.3 C/W Roc © 12.5°C/W 
25 50 75 100 125 150 25 50 75 100 125 150 
Ta—Free-Air Temperature—C Tc—Case Temperature 
FIGURE 1 FIGURE 2 
LA PACKAGE FREE-AIR TEMPERATURE LA PACKAGE CASE TEMPERATURE 
6 DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE. 











800 , 
= 700 Derating factor 4.8mW/C > Derating factor = 40 mw/C 
R ~ 210 C/W | above 25 C 

i ies Ss Rec © 25°C/W 
5 800 3s 
3 3 
& 500 2 
: 
3 400 2 
E e 
E 300 & 

E 
po | —_ 
E bs 
x 100 = 
y+ 
= 

0 
25 
Ta—Free-Air Temperature— C Tc—Case Temperature—°C 
FIGURE 3 FIGURE 4 
PRINTED IN U.SA. 6: 
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SPECIAL FUNCTIONS SELECTION GUIDE 











Device Description Page 
SE555 PRECISION: TIMER” S <ai> qe 5: ok, ae ae od > AR ee ge ee OR Be Rk, a a 2B 
TL182 Twin SPST BI-MOS Analog Switches . . . 2. 1. 2 ww ew ee ee ee 305 
TL185 Twin DPST BI-MOS Analog Switch . 2. 1... ww ee ee ee ee ee 308 
TL188 Dual Complementary SPST BI-MOS Analog Switch . . . . . eee ee et 311 
TL191 Twin Dual Complementary SPST BI-MOS Analog Switch . . . ...... ee : 314 
TL440 ZrO’ Voltage SWItGh).  .v -%- 36. es wt ae ks as “ee ete cet Mee Se ae Be 317 
TL441 Logarithmic Amplifier. 2. 2. 2. 2. 1. 1 ek ke ee ek ee ee 323 
TL500 Analog-Processor <2. ec os? arte te, Bo oe pw a ee ee BS ee ee Bw OS 330 
TL502 Digital Panel Meter Logic Device . 2... ww ew ee ee ee ee ee eee) 88 
TL560 Precision Level Detector . . 2. 2. 1. 1 2 ee ee ee ew ee ee ee we) 8B 
TL601 SPDT BI-MOS Analog Switch with Dual AND Inputs. . . . . . . . . 1. een 339 
TL604 Dual Complementary SPST BI-MOS Analog Switch . . . . 1. ww eee ee 339 
TL607 SPDT BI-MOS Analog Switch with Enable . . 2... . 1 ee ee ee ee 339 
TL610 SPDT BI-MOS Analog Switch with Triple AND tnputs . . . . . 0... ee ls 339 
uA733 Differential Video Amplifier . 2. 2. 2... we ew ee ke ee eee 345 
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LINEAR TYPES SE555, NE555 
INTEGRATED CIRCUITS PRECISION TIMERS 


BULLETIN NO. OL-S 7612053, SEPTEMBER 1973—REVISED JUNE 1976 








JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 





FORMERLY SN52555, SN72555 





@ Timing from Microseconds to Hours CONTROL 


, DIS- THRES- VOLT- 
e Astable or Monostable Operation VccCHARGEHOLD AGE 


e Adjustable Duty Cycle 


e TTL Compatible Output Can Sink or 
Source up to 200 mA 


e Designed to be Interchangeable with 
Signetics SE555/NE555 


description 


The SE555 and NE555 are monolithic timing circuits 
capable of producing accurate time delays or oscilla- GND TRIG. OUT. RESET 
tion. In the time-delay or monostable mode of opera- GER PUT 

tion, the timed interval is controlled by a single ex- 
ternal resistor and capacitor network. In the astable L PLUG-IN PACKAGE 
mode of operation, the frequency and duty cycle (TOP VIEW) 
may be independently controlled with two external 
resistors and a single external capacitor. 





The threshold and trigger levels are normally two- 
thirds and one-third, respectively, of Vcc. These 
levels can be altered by use of the control voltage 
terminal. When the trigger input falls below the 
trigger level, the flip-flop is set and the output goes 
high. When the threshold input rises above the 
threshold level, the flip-flop is reset and the output 
goes low. The reset input can override all other inputs 
and can be used to initiate a new timing cycle. When VOLTAGE 
the reset input goes low, the flip-flop is reset and the 
output goes low. When the output is fow, a low- 
impedance path is provided between the discharge 
terminal and ground. 


PINT IS IN ELECTRICAL 
CONTACT WITH THE CASE 





The output circuit is capable of sinking or sourcing 
current up to 200 milliamperes. Operation is specified 
for supplies of 5 to 15 volts. With a 5-volt supply, 
output levels are compatible with TTL inputs. 





H H CONTROL 
functional block diagram Vcc VOLTAGE RESET 


THRESHOLD 






FLIP-FLOP 


TRIGGER 





GND DISCHARGE 
676 
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TYPES SE555, NE555 
PRECISION TIMERS 





schematic 


Veo —2) 


—_ = ; 


oO 


CONTROL (5) 


rt _ 
(2) a: 
TRIGGER 
RESET (4) 
(7) 
DISCHARGE 
Qi 
all = 


Resistor values shown are nominal and in ohms. 


oi 


lad 


E-S 


ba 


_ 


(1) 


GROUND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’ 


Supply voltage, Vcc (seeNote 1) . 2... ww ee ee ee ee ee eee ee 1B 
Input voltage (control voltage, reset, threshold, trigger) . Vee 
Output current sty dys SS URS th ha Gh ee Bee a 0 gn Se, 0s ee res ER ee es che es tee te. ee 4S Pac +225 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) ...... 2.2... =. 600mW 


Operating free-air temperaturerange: SE555 .....2.2.2.2..2.2.2.2.2242422848 2. —55°C to 125°C 
NES05 235 gates bc 4 he, Wee ee Gk ee orem ufoe 2 VOC te 70 C 
—— Storage temperature range. ww wk ee ee ee ee eee) 6 = 65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: JG orL package... ....... 2.2.4... ~ 300°C 
Lead temperature 1/16 inch from case for 10 seconds:P package ........2. 2.4.2.4... 260°C 





NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2, 


recommended operating conditions 


a Be EE an Ne ax UNIT 


Input voltage, V; (control voltage, reset, threshold, trigger) V 
Output Current, fo mA 
Cc 


Operating free-air temperature, Ta —55 125 : 
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TYPES SE555, NE555 
PRECISION TIMERS 


electrical characteristics at 25°C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


TEST CONDITIONS pee a 
Threshold voltage level as a ‘ 
percentage of supply voltage 










Threshold current (see Note 3) i 0.1 025 | Pn 


% 
A 
Vv 
A 
V 
Vv 











66.7 
Vcc =5V 1.45 167 1.9 
| Triggercurrent 
eset voltage level aa C7 eS ee 
PResetcurent POSTS 
Control voltage Voc = 15V 9.6 10 10.4 
(open-circuit) Vec=5V 29 33 38 [26 33 4| 
2 32. 
0.1 0.2 
3. 43: 
3.3 
10 


Low-level output voltage 


iov=50ma—[_0a08 | 0a _.76. 
Vec= 15V ated 
or=100mA {2 22 2 
io =200mA| 38 
ee 


66.7 
0.1 0.25 
1.67 
4 07 
36 33). 4 
04 0.75 
| =5mA ; ‘ 
Vec=5V == 
lo. = 8mA 
lon=—100mA| 13. 13.3 12.75 13.3 
Voc=15V 
OH = =200 mA v 
Quipitlow —[Veg=tsv | 10 | 10 
Ouwouttigh, —[Veg=18V_[ 9 | 
No load Vee=5Vo Of 2 


NOTE 3: This parameter influences the maximum value of the timing resistors Ra and Rg. For example when Vcc = 5 V the maximum 
value is R = Rat+Rpg * 20 MQ. 


operating characteristics, Vcc = 5 V and 15 V 


Si es eas | sesss | NESSES | Cs 
MIN TYP MAX |MIN TYP MAX 
timing interval 
Temperature coefficient R eer Ta = MIN PC 
= m 

of timing interval B ss : to MAX = 
Supply voltage sensitivi 

ap Mid " C=0.1 pF Ta = 25°C %IV 
of timing interval 


Output pulse rise time ; (Se a (A a 
C, = 150F, Ta = 25°C ira 


High-level output voltage 


Supply current mA 












Output pulse fal! time 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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TYPES SE555, NES5S5 
PRECISION TIMERS 





LOW-LEVEL OUTPUT VOLTAGE 
vs 


LOW-LEVEL OUTPUT CURRENT 


OL—Low-Level Output Voltage—V 





1 2 4 710 #.2 40 70100 
lo_—Low-Level Output Current-mA 
FIGURE 2 


DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 


vs 
HIGH-LEVEL OUTPUT CURRENT 


L [ 
18 
§ 1.4 b= : | 
B12 
o 
; 1.0 i i 
508 
ek 
ae II 
| Vee=5Vt0 15 V ill 





ail 
ea THI 


1 2 4 7 #10 20 40 70100 
1OH—High-Leve! Output Current—mA 


FIGURE 5 


NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 
vs 
SUPPLY VOLTAGE . 
1.015 
1.010 
1,005 
1,000 


0,995 


0.990 


Pulse Width Relative to Value at Vcc = 10 V 


0.985 
0 5 10 15 
Vec—Supply Voitage—V 


20 


FIGURE 8 


TYPICAL CHARACTERISTICSt 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 
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1oL—Low-Level Output Current—mA 
FIGURE 3 
SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 


Output low, 
No load 


ne 
Sito” 4am 
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icc—Supply Current—mA 
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FIGURE 6 


NORMALIZED OUTPUT PULSE WIOTH 
(MONOSTABLE OPERATION) 


VS 
FREE-AIR TEMPERATURE 





Pulse Width Relative to Value at Ta = 25°C 


-25 0 
Ta—Free-Air Temperature—°C 


-50 25 50 75 100 125 


FIGURE 9 


t Data for temperatures below 0°C and above 70°C are applicable for SE555 clrcuits only. 


Vo_—Low-Level Output Voltage—V 


tw{min)—Minimum Pulse Width—ns 


tpp—Propagation Delay Time—ns 


LOW-LEVEL OUTPUT VOLTAGE 
vs 


LOW-LEVEL OUTPUT CURRENT 





4 2 & 710 20 40 70100 
lo_—Low-Level Output Current-mA 
FIGURE 4 


MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 
vs 
LOWEST VOLTAGE LEVEL OF 
TRIGGER PULSE 
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lela feelall te ead 
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0 0.1xVcoc 0.2xVcc 0.3xVcc 0.4xVcc 
Lowest Voltage Level of Trigger Pulse 


FIGURE 7 


PROPAGATION DELAY TIME 


vs 
LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 





0 
0 O.1xVec O.2xVec O3xVec 0.4xVcc 
Lowest Voltage Level of Trigger Pulse 


FIGURE 10 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 


monostable operation 


Vcc (5 V to 15 V) 








RA 
RESET VCC 


OUTPUT OUTPUT 


(2) 


INPUT TRIGGER 


SE555/NE555 
DISCHARGE 





Voltage—2 V/div 


OUTPUT VOLTAGE 


aes fete eet 
A Aa Ap Aer Te | 
i PHT A YT A A dt 
’ Pea eae ee ree ee) 


Time—0O.1 ms/div 






(5) }|CONTROL 


NOEIASE THRESHOLD 





FIGURE 11—C{RCUIT FOR MONOSTABLE OPERATION FIGURE 12—TYPICAL MONOSTABLE WAVEFORMS 


The SE555 and NE555 may be connected as shown in Figure 11 for monostable operation producing an output pulse 
width independent of the input waveform and controlled by the Ra ° C time constant. Prior to the negative-going 
input pulse, capacitor C is held discharged by transistor Q1 (see schematic). Application of a negative-going input- 
trigger-pulse sets the flip-flop, turns off Q1, and drives the output high. Capacitor C is now charged through Ra 
with a time constant T = RAC. When the voltage across capacitor C reaches the threshold voltage of the comparator, 
the flip-flop is reset, energizing Q1 and discharging C; therefore driving the output back to the low level. Figure 12 
shows the actual resultant waveforms. 


Monostable operation is initiated when the negative-going input pulse reaches the trigger level. Once initiated, the 
timing interval will complete even if retriggering occurs during the timing interval. Because of the threshold level and 
saturation voltage of Q1, the output pulse width is 
approximately ty = 1.1 RAC. Figure 13 is a plot of 
the time constant for various values of Ra and C. The 
threshold levels and charge rates are both directly 
proportional to the supply voltage, Vcc. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 


Applying a negative-going trigger pulse simul- 
taneously to the reset and trigger terminals during the 
timing interval will discharge C and re-initiate the 
cycle, commencing on the positive edge of the reset 
pulse. The output is held low as long as the reset 
pulse is fow. When the reset input is not used, it 
should be connected to Vcc to prevent false 
triggering. 


ty—Output Pulse Width—s 





C—Capacitance—pF 


FIGURE 13—OUTPUT PULSE WIDTH vs CAPACITANCE 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 


Ra=4kn 
Rg 2 3k2 
C=0.15 uF 
Ry = 1 ki 
See Figure 14 


astable operation 





Vcc (5 V to 15 V) 









SE555/NE555 
DISCHARGE 






= 
ao) 
= 
> 
- 
| 
@ 
m 
a 
= 
{e) 
> 


OPEN 
(See Note A) 






(5) IJCONTROL 
VOLTAGE THRESHOLD 





ZAVALA 
ae e CAPACITOR VOLTAGE ie 


NOTE A: Decoupling the control voltage input (pin 5) to ae Lait t 





ground with a capacitor may improve operation. ; : 
This should be evaluated for individual applications. Time—0.5 ms/div 
FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15—TYPICAL ASTABLE WAVEFORMS 


Addition of a second resistor, Rp, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigger 
input to the threshold input will cause the SE555/NE555 to self-trigger and run as a multivibrator. The capacitor C will 
charge through Ra and Rep then discharge through Rg only. The duty cycle may be controlled, therefore, by the values 
of Ra and Rg. 


This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
(~0.67*Vcc) and the trigger-voltage level (~0.33-Vcc). As in the monostable circuit, charge and discharge times (and 
therefore the frequency and duty cycle) are independent of the supply voltage. 


Figure 15 shows typical waveforms generated during astable operation. The output high-level duration, th, is calculated 
as: 
100 k 
th = 0.693 (Ra + Rp)c, 


output low-level duration, t], as: 10k 





ty = 0.693 (Rp)C. 


The total period is T = th + ty and frequency is 


1.44 


f= panes eae 
(Ra + 2Rg)C 


=, orf = 
The frequency of oscillation may be determined by 
referring to the chart shown in Figure 16, which 
relates free-running frequency, f, to the external 1 
resistors Ra and Rp and the external capacitor C. 
Duty cycle, D, is determined by the values selected for 


f—Free-Running Frequency—Hz 
2 
© 








Ra and Rp and may be calculated as: 0.1 
0.001 0.01 0.1 1 10 100 
Pm Fes : C—Capacitance—uF 
FIGURE 16—FREE-RUNNING FREQUENCY 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 


missing-pulse detector 


Voc *=5V 
Raz 1k2 


Vcc (5 V to 15 V) 


TRIGGER 


SE555/NE555 
DISCHARGE 


Voltage—2 V/div 


aac oa OUTPUT oe Lick 
AAAIAIZ IAI AL 
aeaaaaraananu 

Cee CC 


Time—O.1 ms/div 


THRESHOLD 
GND 





FIGURE 17—CiIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 18—MISSING-PULSE-DETECTOR WAVEFORMS 


The circuit shown in Figure 17 may be utilized to detect a missing pulse or abnormally long spacing between consecutive 
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse 
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated 
pulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 18. 


frequency divider 


By adjusting the length of the timing cycle, the basic circuit of Figure 11 can be made to operate as a frequency divider. 
Figure 19 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing 
cycle. 


CAPACITOR VOLTAGE 





Time—0.1 ms/div 


FIGURE 19—DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, NE555 
PRECISION TIMERS 





TYPICAL APPLICATION DATA 
HES 
at ptt | | 


MO alles) ale 
ein 
TEETER 

TE 


pulse-width modulation 








Vcc (5 V to 15 V) 









CLOCK 
INPUT 











SE555/NE555 
DISCHARGE 









Ed 
WL 


MODULATION 
INPUT 
(See Note A) 






(5) (CONTROL 





THRESHOLD 























= 


TAM tL 
THAT 
wi Peale 


NOTE A: The modulating signal may be direct or capaci- 
tively coupled to the control voltage terminal. For 
direct coupling, the effects of modulation source 
voltage and impedance on the bias of the 
SE555/NE555 should be considered, 


FIGURE 20—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 21—PULSE-WIDTH-MODULATION WAVEFORMS 
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is 
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 20 is a circuit for 
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage 
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 21. 
A sine-wave modulation signal is illustrated, but any wave-shape could be used. 





CAPACITOR VOLTAGE 





Time—0.5 ms/div 


pulse-position modulation 





Vcc (5 V to 15 V) 






Re ell 
NT 
SCP 





edna 
\ mtOen 
fe: 
i/ 
as iAl | 





SE555/NE555 
DISCHARGE 







HU 
HA 
= 


Voltage—2 V/div 


MODULATION (5) ICONTROL 
INPUT 
(See Note A) 


OUTPUT VOLTAGE 


| ct fT TT et 
NOTE A: The modulating signal may be direct or capaci- eT a eee 
ae bed ate 


> | 4 
> | 3 


tively coupled to the control voltage terminal. For 





direct coupling, the effects of modulation source cg eee 


voltage and impedance on the bias of the Time—0.1 ms/div 
SE555/NE555 should be considered, 
FIGURE 22—CiRCUIT FOR PULSE-POSITION MODULATION FIGURE 23—PULSE POSITION-MODULATION WAVEFORMS 


The SE555/NE555 may be used as a pulse-position modulator as shown in Figure 22. In this application, the threshold 
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 23 shows such a circuit, with a 
triangular-wave modulation signal, however, any modulating wave-shape could be used. 
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TYPES SE555, NE555 
PRECISION TIMERS 





| : TYPICAL APPLICATION DATA 
sequential timer 


Vcc 








RESET Vcc 


TRIGGER cpulbals 


SE555/NE555 
DISCHARGE 


5) jCONTROL 
VOLTAGE THRES- 

HOLD 
GND 










TRIGGER OUTPUT 


SE555/NE555 
DISCHARGE 











Co 14.7 uF 

= Re = 100k2 

OUTPUTA B= 4.7 uF OUTPUT B OUTPUT C 
RB = 100k2 





Ca = 10 uF 
RA = 100 kn 





S closes momentarily att = 0. 
FIGURE 24—SEQUENTIAL TIMER CIRCUIT 


Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such 
as test equipment require activation of test signals in sequence. SE555/NE555 circuits may be connected to provide 
such sequential contro!. The timers may be used in various combinations of astable or monostable circuit connections, 
with or without modulation, for extremely flexible waveform control. Figure 24 illustrates a sequencer circuit with 
possible applications in many systems and Figure 25 shows the output waveforms. 














— Lt 1 sath ae 
= | | tk i | a = 


t—Time—1 s/div 









Voltage—5-V/div 







FIGURE 25—SEQUENTIAL TIMER WAVEFORMS 





676 PRINTED IN U.S.A. 
Ti cannot assume ony responsibility for any circuits shown 
or represent that they are free from patent infringement. TEXAS INSTRUM ENTS 303 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


304 


LINEAR TYPES TL1I82M, TL1821, TL182C 
INTEGRATED TWIN SPST BI-MOS ANALOG SWITCHES 
CIRCUITS BULLETIN NO. DL-S 7612416, JUNE 1976 





@ Functionally Interchangeable with Signetics e JFET Inputs 


DG182 with Same Terminal Assignments e Uniform On-State Resistance for Minimum 


e Monolithic Construction Signal Distortion 
e Adjustable Reference Voltage ® +10-V Analog Voltage Range 


e TTL, MOS, and CMOS Logic Control 
Compatibility 


description 


The TL182 is a twin, monolithic, high-speed SPST L 

analog switch constructed using BI-MOS technology. PLUG-IN PACKAGE (TOP VIEW) 
Each half consists of a JFET-input buffer, level 
translator, and output JFET switch. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref t+ 1.4V. 





All leads are electrically Insulated from Case. 
The output switches are junction field-effect transis- 
tors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 


uniform matching. : 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


BI-MOS technology is a major breakthrough in linear 28 2D NC NC 2A VEE Veet 
integrated circuit processing. BI-MOS has ion im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. B!-MOS 
allows circuit designs that previously have been 
available only as expensive hybrids to be monolithic. 





For the TL182, a low level at the input turns the 
switch on. 


The TL182M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL182I is characterized for operation from 
—25°C to 85°C, and the TL182C from O°C to 70°C. 





NC—No internal connection 
Switch positions shown are A inputs low. 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST BI-MOS ANALOG SWITCHES 





functional diagram 


1D 1S 


t 
i) 
( 
6 
1A wad | 
SWITCH POSITIONS 


SHOWN ARE FOR 


—d )}> A INPUTS LOW 
2A oe 


20 2S 


FUNCTION TABLE 
(EACH HALF) 


A s 
L ON (CLOSED) 
H OFF (OPEN) 






schematic (each channel) 


TO OTHER HALF 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Voc~ Vee . ww we ee ee ee ee ee ee ee BEV 
Positive supply voltage toeitherdrain, VCC -VD . . we we ee ee ee a ae < V- 
Drain to negative supply voltage, VD -VEE . . . 1 ee ee ee ee ee ee BBV 
Drain to source voltage, Vp — Vs a . t22V 
Logic supply to negative supply voltage, VLL — VEE sie cig, “cid, Ade soe ats A Goes Hy ge REST," 6 oe ae ge MEV, 
Logic supply to logic input voltage, VLL-—ViJ . . ee ee ee ee ee ee ke ee ee . 33V 
Logic supply to reference voltage, VLL —Vref . . - ee ee ee ee ee ee ee ee ee we ee) 6 68BNV 
Logic input to reference voltage, Vj] — Vref www ee ee ee eee ee ee ee) 68SV 
Reference to negative supply voltage, Vref -VEE . . . 2 1. ee ee ee ee ee ee ee ee we ew 627M 
Reference to logic input voltage, Vref -VI ww we ee ee ee) 62 
Current (any terminal) Bo tare ot a Ve Seite, ee hes Oe pte He Se wh oe “Eee Shs an e.  W w ee 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature: N package . . . 1. 1... ee ee 61750 mW 
L package (see Note 1) a 40.001) ')') 
Operating free-air temperature range: TLI8B2M .. . 1. 1. eee ee ee ee ee ee ee 55°C to 125°C 
TLS 6 eh Ge Ee RE eS SY Swe ee OSC t0'BE°C 
TEAB2C fe ee ae ei ete eS bee we ole wm oe. OCG. 70°C 
Lead temperature 1/16 inch from case for 60 seconds: L.package . . .... 0.0. ee ee ee ee 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package .... . | . 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2, 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


TL182M TL1821 TL182C 
PARAMETER TEST CONDITIONS UNIT 
MIN MAX |MIN MAX |MIN MAX 


VIL Low-level control input voltage] = TA = MINtOMAX]  Vyeft0.8] Vreft0-8] Vref t0.8 
i i V,;=5V 









‘ rasaec | tof tof 20], 
ic ___Lowlevelcontrolinputeurrent|Vi=OV_——*([Ta=MINtoMAX| 260] —250/ 260 uA 
Veo=18V, |ta=aec | +i. si —iS| 
Veo=15V, [tazmee | St] SSCS 
Veo=10V, [ta=2ec | tf SS 
Vee=-20V|[Ta=MAX | 100] 100] __100 
‘tenitlston) raat ener Vp=-10V,Vg=—10V, |[Ta= 25°C | -2| 10] 10] 
leakage current Vi =08V Ta=MAX [200] -200| 200) 
Drain-to-source on-state Vp = -10 V,Ig = 1 mA, TA=MINto25°C| == 75| ~~ -100{ ~———-100| 


lref Reference current 


PARAMETER TEST CONDITIONS 


Re = 300 2, Cy = 30 pF, See Figure 1 


H High-level control input current 





















ID(off) Off-state drain current 















IS(off) Off-state source current 





















Both control inputs atO V, Ta = 25°C 









Both contro! inputs at5 V, Ta = 25°C 





ton Turn-on time 


toff Turn-off time 





PARAMETER MEASUREMENT INFORMATION 
tp << 10 ns tp <10ns 





O OUTPUT INPUT A 


= Vref =O VeEE=—-15V 
Cy. includes probe and jig capacitance. OUTPUT 
TEST CIRCUIT 
Vs=3 V for ton and —3 V for to¢¢. 


R VOLTAGE WAVEFORMS 


Vn = Ve ——__ 
2 SRL + rps(on) 


Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the feading and trailing 
edges of the output waveform. 
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LINEAR TYPES TLI85M, TL1851, TLI85C 


INTEGRATED TWIN DPST BI-MOS ANALOG SWITCHES 
CIRCUITS BULLETIN NO. DL-S7612417, JUNE 1976 






e Functionally interchangeable with Signetics e JFET Inputs 
DG185 with Same Terminal Assignments 


e Uniform On-State Resistance for Minimum 
e Monolithic Construction Signa! Distortion 


e Adjustable Reference Voltage e +10-V Analog Voltage Range 


e TTL, MOS, and CMOS Logic Control 
Compatibility 


description 


The TL185 is a twin, monolithic, high-speed DPST 
analog switch constructed using BI-MOS technology. 
Each half consists of a JFET-input buffer, level 
translator, and two output JFET = switches. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). JORN 

The input threshold is related to the reference input DUAL-IN-LINE PACKAGE (TOP VIEW) 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref + 1.4 V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high 
off-state resistance. The monolithic structure ensures 
uniform matching. 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS_ has ion im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS 
allows circuit designs that previously have been avail- 
able only as expensive hybrids to be monolithic. 





NC--No internal connection 
Switch positions shown are for A inputs high. 





For the TL185, a high level at the input turns the 
switches on, 


The TL185M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL185I is characterized for operation from 
—25°C to 85°C, and the TL185C from 0°C to 70°C. 
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TYPES TL185M, TL185I, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 





functional diagram 










1S1 281 
1D1 xo] 2D1 FUNCTION TABLE 
(EACH HALF) 
1D2 , | 2D2 INPUT SWITCHES 
182 952 SHOWN ARE FOR A 
L_ _ J A INPUTS HIGH L OFF (OPEN) 
28 H ON (CLOSED) 


schematic (each channel!) 


\ TO OTHER HALF 






$1 





i TO OTHER HALF 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Vee Viet 


Positive supply to negative supply voltage, Vcc — VEE . - ee ee ee ee te ee et ee ee ee) 6BBV 
Positive supply voltage to either drain, Vcc -Vp . . . we ee ee ke ee ee ee te ee el we) 683 
Drain to negative supply voltage, Vp -VEE . . ww we ee ee ee ee ee ee ek ew ek we) 683M 
Drain to source voltage, VD —VS _ . . : a i siepe Gos ain ae. ne ar ae SRS GE se te Was ee cic, IA Mae a 1 “ar 
Logic supply to negative supply voltage, Tr VEE mb gts. Qs En ces ee ee, os ay a ad ae cue ta See “Se a a OE 
Logic supply to logic input voltage, VLL—V,]  . . - 2. ee ee ee ek ee ee ke ee ee 683M 
Logic supply to reference voltage, VLL —Vref  . - ee ee ee te ee ee ee ee ee ee eee 68BV 
Logic input to reference voltage, Vj —Vref ww we ee ee ee ee ee ee ee ee ee we we) 683 
Reference to negative supply voltage, Vref -VEE . 1. ee ew ee ee ee ee ee ee ee ee we QTV 
Reference to logic input voltage, Vref —Vpo ww wk ee ee ee ee ee ee eee ew) 62 
Current (any terminal) Sg. ty “Us Se ae, as de ee Gera th a Se B, ee . SOIMA 
Continuous dissipation at (or below) 25° C ee: -air necineratune: N eatane ee & Sate tee ee “TTSOmW 
J package (see Note 1) sta ee ae oy ee. “AO ZO 

Operating free-air temperature range: TL185M ..........0 6 4 ee ee ee es 55°C to 125°C 
TLIBGE ww ee ee es 25°C to 85°C 

TUIGSC. hac ee oe air se eo ho ee Pe A ee oe SOS 7O-C 

Lead temperature 1/16 inch from case for GO seconds: Jpackage . ......... 6 ee ws es « 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package .. ... . 1 ee ee ew ww we ee 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2, 
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TYPES TLI85M, TL185I, TLI85C 
TWIN DPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


VIH High-level control input voltage Ta = MIN to MAX|Vre¢t2 
VIL Low-leve! contro] input voltage Ta = MIN to MAX VreftO. 


; : TA =25 C 10 
NH High-level control input current] Vj =5 V 
Ta = MAX 
V,=O0V 


Ne Low-level control input current TA = MIN to MAX —250 
Vec=15V, [Ta =25 C 





TL185M TL1851 TL185C 
MIN MAX 


V reft2 Vreft2 


Vreft0.8] Vreft0.8] Vi | 


“hn 
+ 
| | Nm] Oo 
nN nN ro) ro) ©] CO] 











ao 


® 
Ei 


N 
Oo 


io) 







—250 


VEE =—15 VI Ta” = MAX : 
n 
Vec=10V, |TaA=25 C 









ID{off) Off-state drain current 


Vee=~20V 
Veg" ~15V 
Voe=10V, 
‘Dtontlstony Onstate shane = 
leakage current Vj=H2V —200 

Drain-to-source on-state Vp =-—10V,Ig =1mA, 125 

Psion) resistance Vj=2V 250 


ILL Supply current from Vi 
lref Reference current 


switching characteristics, Vcc = 10 V, VEE = —20 V, VLL = 5 V, Vref = OV, TA = 25°C 


TL185M | TL1851 | TL185C 
PARAMETER TEST CONDITIONS TYP T1881 | 
50 


IS (off) Off-state source current 


3 
> 












—200 


0 


Both control inputs atO V, Ta = 25°C 












Both control inputs at 5 V, Ta = 25°C 


NS N3 
(| | & 
NIE Ol ie) 








UNIT 
TYP 
t Turn-on time 175 175 175 
RLEsOU RC =20Be, dee Figure 1 | 175 
toff Turn-off time 3 350 


+ 
< 











PARAMETER MEASUREMENT INFORMATION 


t, < 10 ns te < 10 ns 








OUTPUT 
C, = 30 pF 


OUTPUT 





Vreg = 0 Veco -V 
= C,_ indludes probe and jig capacitance. 
TEST CIRCUIT VOLTAGE WAVEFORMS 
Rt 
Vs =3V for ton and —3 V for toff-§ VOQ=VS -—— 
s oP RL + rps(on) 


Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. 
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LINEAR 
INTEGRATED CIRCUITS 


e Functionally Interchangeable with Signetics 
DG188 with Same Terminal Assignments 


e Monolithic Construction 


e Adjustable Reference Voltage 


description 


The TL188 is a monolithic, high-speed dual compli- 
mentary SPST switch constructed using BI-MOS 
technology. it consists of a JFET-input buffer, 
level translator, and two output JFET switches 
that can easily be connected in SPDT configuration. 


The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vre¢ input is connected to ground. 
The JFET input makes the device compatible with 
biploar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth, = 
Vref t+ 1.4V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 
uniform matching. 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS has ion-im- 
planted JFETs, p-channe! MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS 
allows circuit designs that previously have been avail- 
‘able only as expensive hybrids to be monolithic. 


For the TL188, a high level at the input turns switch 
$1 on and S82 off. 


The TL188M is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL188I1 is characterized for operation from 
—25°C to 85°C, and the TL188C from O°C to 70°C. 








TYPES TL188M, TLI881, TL188C 
DUAL COMPLEMENTARY SPST 
BI-MOS ANALOG SWITCHES 


BULLETIN NO, DL-S 7612418, JUNE 1976 





e JFET Inputs 


e Uniform On-State Resistance for Minimum 
Signal Distortion 


e +10-V Analog Voltage Range 


e TTL, MOS, and CMOS Logic Control 
Compatibility 


L 
PLUG-IN PACKAGE (TOP VIEW) 


ALL LEADS ARE 
ELECTRICALLY INSULATED FROM THE CASE 


N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


NC VEE Vref 


NC—No internal connection 
Switch positions shown are for input A ‘high. 





TENTATIVE DATA SHEET - 


This document provides tentative information TEXAS INST RUM ENTS” | 311 


on a new product. Texas Instruments reserves 


INCORPORATED 


the right to ‘change specifications for this POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


product in any manner without notice. 





TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





functional diagram 











D1 
FUNCTION TABLE 
SWITCH POSITIONS SWITCHES 
S1 SHOWN ARE FOR $1 S2 
INPUT A HIGH L OFF (OPEN) ON (CLOSED) 
H ON (CLOSED) OFF (OPEN) 
A —_ 
schematic 
VEL Vcc 
El }——-7—_} — i 


D1 


ek 


D2 


aT 
' 


VEE Vret 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc_ VEE «eee ee ee ee ee ee eee BBV 
Positive supply voltage to either drain, Vcc —-Vp . . ww we ek ee ee ee ek ek ee ew ew ee) 683M 
Drain to negative supply voltage, Vp -VEE .. . ww we ke ee ee ee ee ke ew ee we e)683NV 
Drain to source voltage, V|pD —VsS_ . . : gr a ae We Se Se es ae ae Gy a a we SOE 
Logic supply to negative supply voltage, Vix VEE By Ge daly fe See ee as AS es Se, Se a ate 2 ee OV 
Logic supply to logic input voltage, VLL —Vy} «ww ww ee ee ee eee ee ee ew ew ee) 683M 
Logic supply to reference voltage, VLL—Vref . . eee ee ee ee ee ee ee ee ee ee) 68BNV 
Logic input to reference voltage, Vj —Vref ww wk ke ee ee ee ee ee ee ew we) 683M 
Reference to negative supply voltage, Vref -VEE . . 2 1 we ee ee ee ee ee ee ee ee ee 627 
Reference to logic input voltage, Vre¢ — V| ie Des Vian Wily TA Es Saw at ee es Se Sk GS 2 ee ee ek 
Current (any terminal) Jo seins Gives te. Be oh et ae Ge ee we . UIA 
Continuous dissipation at (or below) 25° Cc fice. -air qeniperature: N package me te 4g toe ee ew ee .4750 mW 
L package (see Note 1) ef dm a cate Hey ae 625 mW 

Operating free-air temperature range: TL188M ..... 0.0.0.0. 4 8 ee ee ee ee es ~ 55°C to 125°C 
TEIGSI! Sig 6: iw “Sb wok U.S ee ee oC cee 2S Cte85 Cc 

TIEVGBG.. 23-68. a> oe @ ie ie BG oh) ale % oe ee OE to 70 © 

Lead temperature 1/16 inch from case for 60 seconds: Lpackage . ........ . 6. 2 6 ee ws a . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage . ........ 4. . 2. 2. « « « ee 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. 
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TYPES TLi88M, TL1881, TLI88C 
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


TL188M TL 1881 TL188C 
PARAMETER TEST CONDITIONS Reveeae UNIT 


Vio High-level control input voltage = Vreft2 

VIL Low-level control input voltage MIN to MAX Vref—0.8 Vref—0.8 
oO 
fe} 


















4 
> 
s 
2 
S 
= 
> 
x 
< 
> 
No 


: A 


Vreft2 
ref—O. 


< 


a . 
{ oO nN 
nN ro) co) 


ie) 






nf 

> 
nN 
ol 
O 


+ 
> 
= 
> 
x 
J. 





—250 —250 


vm 


Ta=MINtoMAX| _~250 
Vp=10V, [Vec=15V, [Ta = 25°C 
Vs = —10 V,|VEE = -15 VIT,~ = MAX 











3 


3 r 


IDioff) Off-state drain current 


Vin=2V, \Vcc = 10, 
Vit =0.8V|VeE=-20V|TA=MAX 
Vp = -10 V]Vcc = 15 V, 
Vg= 10, 

Vee=—20V|/TA=MAX 
















IS(off) Off-state source current Vin=2V 


Vit =O8V 


















a ee OA 
iw High-level control input current |[V;=5 V 0 
Z 


On-state channel Vp =-10 V,Vg = -10 V, ~ 
IDlon}*'S(0n) jeskage current Vin=2V, ViL=08V =200 
1H ‘ IL A 
Drain-to-source on-state Vp = —-10 V,Ig = 1 mA, 75 
"DSIon) resistance Vin =2V, Vy =08V 


switching characteristics, Vcc = 10 V, VEE = —20 VV, VLL =5 V, Vref = OV, Ta = 25°C 


PARAMETER TEST CONDITIONS 










—200 —20 





_ 
or 


Both control inputs atO V, Ta = 25°C 





















3 
> 


Both control inputs at 5 V, Ta = 25°C 


{ 








| — 
nN N wo 
| | : to] = 
NJ ine) oO oO}; Oo 
3 








TL188C 
YP 


TL188M | TL188I 


Y 






= 


Cc 
< 
= 


— 
uv 





TYP 
t Turn-on time 175 175 175 
SS eoeheeaibe, Gril eo! st 
toff Turn-off time 350 350 








PARAMETER MEASUREMENT INFORMATION 
Vit=5V  Vec=15V 


tt < 10 ns tp <10 ns 


“ 










/ 


OUTPUT 







Vs INPUT A 
Cy = 30 pF | §—--——-ff—- | Ov 
ton —+-—_ 1 | 
----- +—-—-3--—-l------3Vv 


= Vref = 0 Vee=-15V 


OUTPUT 
Cy includes probe and jig capacitance. 
TEST CIRCUIT 


Vs=3 V for ton and —3 V for toff. 
Bt 


Input A: Solid for testing S1, dashed for testing S2. 


. VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail- 


V = V eS ee 
ore. Ri + rps(on) 





ing edges of the output waveform. FIGURE 1 
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LINEAR | TYPES TLI91M, TL191I, TL191C 


INTEGRATED TWIN DUAL COMPLEMENTARY 
CIRCUITS | SPST BI-MOS ANALOG SWITCHES 






BULLETIN NO. DL-S 7612412, JUNE 1976 







e Functionally Interchangeable with Signetics e JFET Inputs 


DG197 with Same Terminal Assignments e Uniform On-State Resistance for Minimum 


e Monolithic Construction _ Signal Distortion 
e Adjustable Reference Voltage . |  @ +10-V Analog Voltage Range 
description -@ TTL, MOS, and CMOS Logic Control 
Compatibility 


Each TL191 consists of two monolithic, high-speed 
dual complimentary SPST analog switches con- 
structed using BI-MOS technology. Each half consists 
of a JFET-input buffer, level translator, and two 
output JFET switches that can easily be connect- 
ed in SPDT configuration. 


The threshold of the input buffer is determined by JorN 

the voltage applied to the reference input (Vref). The DUAL-IN-LINE PACKAGE (TOP VIEW) 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 1A Vee Vref Viet Voc 2A 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 
Vref + 1.4 V. 


The output switches are junction field-effect tran- 
sistors featuring low on-state resistance and high off- 
state resistance. The monolithic structure ensures 
uniform matching. 


BI-MOS technology is a major breakthrough in linear 
integrated circuit processing. BI-MOS has ion im- 
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. BI-MOS NC—No internal connection 

allows circuit designs that previously have been avail- Switch positions shown are for A inputs high. 
able only as expensive hybrids to be monolithic. 


1D2 182 282° 2D2 NC 2D1 








For the TL191, a high level at the input turns switch- 
es $1 on and S2 off. 


The TL191 is characterized for operation over the 
full military temperature range of —55°C to 125°C, 
the TL191I is characterized for operation from 
—25°C to 85°C, and the TL191 from 0°C to 70°C. 





TENTATIVE DATA SHEET 
This document provides tentative information 
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product in any manner without notice. 


TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





functional diagram FUNCTION TABLE 


OFF = OPEN ON ar 
ON (CLOSED) OFF (OPEN) 


282 SWITCH POSITIONS 
J SHOWN ARE FOR 
Pa Sey A INPUTS HIGH 


J Lb 





1D1 2D1 





1D2 4... 2p? 


H 
i 


ro 


1S2 


1A 


: 
; 


schematic 


TO OTHER HALF 






TO OTHER HALF 


Vee Viet 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Positive supply to negative supply voltage, VCC -VEE ... . ee ee ee ee ee ee ee ee) BBV 
Positive supply voltage to either drain, Vcc -Vp . we we ee ee ee ee ee ee 683M 
Drain to negative supply voltage, VD -VEE . . . ww ee ee ee ee ee ee ee ee eee 6 68SV 
Drain to source voltage, Vp -VS_. . ge Seta ay GM at at ho ae te cet ake we Tae ee Ge 
Logic supply to negative supply voltage, WiKi Ace a atid. tic Ga Ge) WG Sah He otis ome Yaad sat Se de ee ee eae. hyo ee. Ge. Oe 
Logic supply to logic input voltage, VLL —Vi ww we ee ee ee ee ee ee ee ee ee 68M 
Logic supply to reference voltage, VLL — Vref . - - ee ee ee ee ee ee ee ew ee 68SV 
Logic input to reference voltage, Vj] —Vref ow ww ee ee ee ee ee ee 6 68BV 
Reference to negative supply voltage, Vref -VEE . 2 1 we eee ee ee ee ee ee ee eee QTM 
Reference to logic input voltage, Vref — V| GD raiets seh ag sagt ade lw 3S it Cale fae Ga ke oi ge! AD A Ge ee Ser AL ae tt 2V 
Current (any terminal) Ss Ma ote eter a. ee 40 a ok a ae SOON 
Continuous dissipation at (or below) 25° Cc fee -air denaperatuie: N packade: BS eat te toe ee ew ew ew e666. 4150 mw 
J package (see Note 1) toe ew we e)~©61025 mW 

Operating free-air temperature range: TLI9IM ....... 2. 2 eee ee ee ee . 55°C to 125°C 
TESTOR. oe cg aca ie hte ae wi A Ge UE, Me hs ee 2 C10 BSC 

TLI9QIC .... Sei i SPA ae i eh oh ee. HOC owe © 

Lead temperature 1/16 inch from case for 60 seconds: J aseeage eS, He che cages its Je lhe Gi Be he mar ee OU 
Lead temperature 1/16 inch from case for 10 seconds: N package . ..... 0. ee ew ee ee ee 260°C 


NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. 
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TYPES TLISIM, TLI911, TL191C 
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES 





electrical characteristics, Vcc = 15 V, VEE = —15 V, VLL =5 V, Vref = 0 V (unless otherwise noted) 


PARAMETER TL191! TL191C 


MIN Max|MIN wax] 
VIH High-level control input voltage Vreft2 
VIL Low-level contro! input voltage 


Vreft0.8| Vreft0.8| Vyet0.8 
TS) High-level control input current 


Ne Low-level control input current 














TL191M 
TEST CONDITIONS 











PAE MIN 10 MAX 

VieOV LT A= MIN to MAX 
Vec=15V, [Ta = 25°C 
Vaan eam ee 
= Vec = 10 V, [Ta = 25°C 
ViL = 08 V |Veg = —20 V] Tp = MAX 
Vp =-10 V/Vcc = 15 V, [Ta = 25°C 
Vs=10V, |Veg =—-15 V] Tp = MAX 
ViH=2V, Mec =10V, [Ta = 25°C 
Vit = 08 V Weg = —20 V| Ta, = MAX 


Vp =-10V,Vs =—10V, [Ta = 25°C 


2 
2 
leakage current (MH F2V, Vip =o08Vv —200 
apeians Tae TOrOUIE on-state Vp =-10V,Ilg =1 mA ITA=MINto25°C{ 125{  ~=1580{ 150] 9 
resistance ViH=2V, Vii = 0.8 V 
ET OT) ET] 
8) 


switching characteristics, Vcc = 10 V, VEE = —20 V, VLL =5 V, Vref = OV, TA = 25°C 


TL191M | TL1911 | TL191¢ 
PARAMETER TEST CONDITIONS tere | TLisic_| UNIT 
TYP 


= Ry = 300 2, Cy = 30 pF, See Figure 1 75 


PARAMETER MEASUREMENT INFORMATION 


t#< 10 ns tp < 10 ns 


= 
2 
= 
> 
x 


10 Of: 
= 
n 


, 










ID{off) Off-state drain current 









Is (off) Off-state source current 









4 4 
> 
> 
x 


20 
| __— 250) 
isis Bp 55 
| oof 100 

| ae ee 
| 100] 100 | 
ra ee 
| 100] 100 | 
a 
| 100} 100 | 
Ze) 


On-state channel 






A 
A 
A 





'D(on)*!S(on) 


















Both control inputs at O V, Ta =25°C 


3 
> 


ii 
NO 














Both control inputs at 5 V, Ta = 25°C 


3 
> 


| | 
f N 
| -_ 
nN o 
ie em | 
NJ) 7 Ol NO 

















ViLL=5V Vec=15V 







/ 








INPUT A 
OUTPUT 4 
Vs oe ©) ! S—----f-- | — av 
+L ton 4+4-—P | 
Ce=30pF2 a ee +—-—-s-- -l--—- - -—--3Vv 
| 0.9 Vo Vol 
— awe 1¢—-P toff 
_ OUTPUT 
= Vref =0 VEE=—-15V 
C,_ includes probe and jig capacitance. 
TEST CIRCUIT 
Vs=3 V fOr ton and —3 V for togg. 
Gee Rt Input A: Solid for testing S1, dashed for testing S2. 
O- YSRL + tpsionl "DSlonl VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may resuSt in spikes (not shown) at the leading and trail- 
ing edges of the output waveform. FIGURE 1 
PRINTED IN U.S.A. E 
Tl cannot assume any responsibility for any circuits shown 
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LINEAR TYPE TL440C 
INTEGRATED CIRCUITS ZERO-VOLTAGE SWITCH 


BULLETIN NO. DL-S 7611595, MAY 1972—REVISED JUNE 1976 








FORMERLY SN72440 


e Differential Amplifier Inputs e Internal Active Elements of Saw-Tooth 
Generator for Proportional Control 





e A-C Line Operation 


e Capable of Triggering Several e Wide Variety of Possible Connections of 
Types of Triacs Input Section and of Output Section 
description | JORN 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


The TL440 is a combination threshold detector ae 

and zero-crossing trigger, intended primarily for a-c NC a aruy vied VDA PUT Rihigh) Rtiow) 
power-control circuits. It allows a triac or SCR to be 
fired when the a-c input signa! crosses through zero 
volts, thereby minimizing undesirable electromagnetic 
interference. In this manner, the load utilizes full 
cycles of fine voltage as opposed to partial cycles 
typical with SCR phase-control power circuits. 


The circuit includes a zero-voltage detector, a differ- 
ential amplifier that may be used in conjuction with a 
resistance bridge to sense the parameter being con- 


: AC/DC AC ODET DC INHIBIT S-T ST 
trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEN 
and an output section. Also included are resistors diced Bisset bl 





which may be used as a voltage divider for the NC—No internal connection. 
reference side of the resistance bridge. An external sensor suitable for the application and an external potentiometer 
form the input side of the resistance bridge. 


The TL440 can be used either as an on-off contro! with or without hysteresis, or as a proportional control with ‘the 


use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it 
can be used for many power control applications such as a photosensistive control, voltage level sensor, a-c famp flasher, 
small relay driver, or a miniature lamp driver. 


The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is 
typically 1 volt or greater. Conversely, if the inhibit input is shorted to dc common, an output pulse will be obtained 
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions. 


The TL440C is characterized for operation from 0°C to 70°C. 


schematic 


SAW. TOOTH 
GENERATOR 
Vpat AC COMMON INPUT 





INPUT 





oc common (a) 


Rilow} SAW TOOTH 
GENERATOR 
OUTPUT 
Resistor values shown are nominal and in ohms. 


TPin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage applied to AC/DC input (See Note 1) fo Bee eb Shree GS WB. ves oR? Ge ae a. a Wt MESS et Sg Oe MR ta SE 
Peak current into AC/DC input . . 1... ww ee ee ee ee ee eee ee eee ew ew) 6 4OMA 
Peak current into zero-detector input . 2... 1. we ee ee ee ee ee ee ee ee we ee) 6 SOMA 
Peak output sink current (See Note 2) get de eta, Se UR Bn ee ait WE wm. Bohs Wea ay. Beso Ue 
Continuous total power dissipation at (or below) 70°C free-air temperature range ....... 2... . S00mW 
Operating free-air temperaturerange . 2... 1 ek ee ee ee ee ee ee eee) 68S tO 70°C 
Storage temperaturerange . . 1... ee ee ee ee ee ee eee ee) 6 65°C to 150°C 
Lead temperature 1/16 inch from case for G0 seconds: Jpackage .........2.2.2.. 2.4. =. ~ 300°C 
Lead temperature 1/16 inch from case for 10 seconds: Npackage ....... 2.2.2. 2.52. 46 2 884 260°C 


NOTES: 1. Voltage values are with respect to the dc common terminal unless otherwise specified. 
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%. 


recommended operating conditions 


CSS 
2 
[Differential input voltage, Vig— Vig 
Wotage at sensor or Vinee) put, VigorVyg SOS 

[200 [mA 












ZV 
Peak output current (See Note 4) 200 | mA | 
Output pulse width 100 400 


Operating free-air temperature, Tp 10) 70 


NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging an 
electrolytic capacitor from the line voltage. See typical application data. 
4. This value applies for ty, < 400 us, duty cycle < 2%. 


?) 





electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[Vottage required at inhibit inputtoinhibhoupat——SSC~“*~S*~“‘“sSSC“‘CS)SNSOOCOOOUUCdSTUT 
[current into sersorinput dav Vga] 8 
ee eel 







3 












Current into V(ref) input Vi2=6V, Vigz4V 

Current into inhibit termina! required to inhibit output 20 

Peak output current (pulsing) 75 00 [mA 

Output current (inhibited) V0 = 13.5 V 
5 
1. 


25 kQ connected to zero- 
0 Ku 










detector input, 
60-Hz power source 


Output pulse width into resistive load 












1 
1 5 
Average temperature cocfficicnt of output pulse width (O°C to 70°C) 0.7 


Peak output voltage of saw-tooth generator V1i=12V 
Vals RUACIOC Mpa eENEEE) Pe ee 





NOTE §: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage. 
See Figures 1 and 3. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 





TYPICAL APPLICATION DATA 


The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c 
Operating voltage. Since the series combination of D5 and D6 is in parallel with the series combination of C1 and D7, 
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1, 
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a 
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must havea 
negative coefficient in this circuit. 


During most of the a-c cycle, Q1 is turned on by the current flow through either 01, Q1, D4 or D2, Q1, D3, depending 
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base 
drive to Q7 and Q8 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, Q1 and 
Q6 are turned off. This enables Q7 and Q8 to turn on, thereby connecting d-c common to the triac trigger and firing the. 
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier 
and resistance bridge circuit. 


As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control 
amplifier acts to lower the potential of the base of Q1 enough to allow Q1 to stay on for the complete cycle, thus 
inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, Q1 is allowed to 
turn off during the intervals where the line voltage passes through zero, thus generating output pulses. 


The width of the output pulse at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table 
| shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with 
high gate sensitivity may be required due to the high value of “‘latch-up” current of medium to high power triacs. 


TABLE | 


OUTPUT 
PULSE 
WIDTH 


eka | 100 us 










HEATER 
LOAD: 


FIGURE 1—ON-OFF HEATER CONTROL 


tT Ritrigger) is adjusted so that the peak output is less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth 
generator, the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative 
temperature coefficient. 


Transistors Q9 and Q10 are connected to function as an SCR in order to discharge external capacitor C2 very quickly. 
The time constant of the saw-tooth generator can be varied by changing either the external capacitor or the external 
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance 
would allow Q9 and Q10 to stay on continuously. The period of the saw-tooth generator is usually 10 to 100 times the 
period of the line voltage. 


At the start of the saw-tooth waveform the base of Q1 is high and output pulses occur at pin 10. At the desired 
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2(a). At a slightly 
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the 
potential of the entire saw-tooth waveform as shown in Figure 2(b) which causes a few more output pulses to occur. At 
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2(c). 





ie) ™ 6] QI ON ™ 6| Q10N 
£ & ¢ 
a a 
F c 8 c 5 
3 ) o 
3 3 3 
: z ap 
S 3 3 
a 4 “3 
2 2 
1 1 
0 0 





Output Output Output 
Pulses Pulses Putses 


Time ———» Time ————» Time ———@» 
(a) (b) (c) 
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE 
FIGURE 2 


Similiarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a). 
Thus the proportional control feature allows a smoother contro! of temperature in this application by always providing 
Output pulses during some portion of the saw-tooth generator cycle as opposed to the ‘full on/full off’ circuit of 
Figure 1. 





HEATER 
LOAD 





R310 ki? 


B06 © e282 O28E8 28 68 CE O8CS DZSZS2 CeCe 8ee8 


FIGURE 3—PROPORTIONAL HEATER CONTROL 


TR trigger) is adjusted so that the peak output fs less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 


TYPICAL APPLICATION DATA 


Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger 
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors R a and Ry. 
When the output is enabled, the voltage drop developed across resistor Ra is fed through Ry to the sensor input of the 
differential amplifier. This lowers the voltage at this point from the voltage level present when the output Is inhibited. 
The resistance of the sensor must now decrease enough to overcome this additional (‘‘hysteresis’’) voltage in order to 
inhibit the output. Ry should have a typical value close to the value of the sensor used. The value of Ra, which 
determines the amount of hysteresis, should be approximately one tenth the value of RH. In Figure 4 the 10 kQQ 
potentiometer is adjusted to set the voltage at pin 13 to the level at which the output is enabled. When precise control is 
not needed, such a circuit eliminates the small ‘‘uncertainity range’ observed in time-proportioning systems. 






HEATER 
LOAD 


TRIAC STN | NY | pee eeee mee eneewewe men(]})= ene cnemoonn (7 pescooeceore (g prose ccnaes 


Rivrigger)? 
TR (trigger) is adjusted so that the peak output is less than 200 mA. 


FIGURE 4—ON-OFF HEATER CONTROL WITH HYSTERSIS ADDED 





Output inhibited oy | y, 
7 
) 7 ! r 
£ 7 ; | rd 
a 7 t ' 7 
s »~ ' | ys 
3 / ro A 
> 7 f | Pd 
\ a i ra 
> v4 { ? 
7 : i 7 
% Output enabled rs r ! af 
y, ‘a , | 





V13-Voltage at Pin 13 


FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4 


A—Circuit without added hysteresis (AV13 © 15 to 20 mV residual hysteresis) 

B—Circuit with added hysteresis (AV z3 * 200 to’300 mV added hysteresis) 

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa, Solid lines 
represent stable states (inhibit or enable) of the differential amplifier. 
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LINEAR TYPES TL441M, TL441C 
INTEGRATED CIRCUITS LOGARITHMIC AMPLIFIERS 


BULLETIN NO. DL-S 7611427, JANUARY 1971—REVISED JUNE 1976 





JORN 
FORMERLY SN56502, SN76502 DUAL-IN-LINE PACKAGES (TOP VIEW) 


OUTPUTS 
INPUT 
Cp2 Cp2' GND BI 


e Excellent Dynamic Range 

e Wide Bandwidth 

e Built-In Temperature Compensation 

e Log Linearity (30 dBV Sections) ...1dBV 
e Wide Input Voltage Range 





Y= log A1 + log A2; ZX log B1 + B2 . 


where: A1, A2, B1, and B2 are in dBV, OdBV =1 V. 
_. Caz, Caz’, Cao, and Cao, are detector compensation inputs. 
description NC—No internal connection 


This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output 
of each stage is proportional to the logarithm of the input voltage over the 30-dBV input voltage range. Each half of the 
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the 
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical 
input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV 
with log linearity of +0.5 dBV (see application data). Bandwidth is from dc to 40 megahertz. 


These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve 
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video 
and log amplifiers. The TL441M is characterized for operation over the full military temperature range of —55°C to 
125°C; the TL441C is characterized for operation from O°C to 70°C. 





schematic 
Vec+ (8) 
OUTPUT 
aa 6) (10) a | 
ours) @ OUTPUT 
INPUT 3) (3) INPUT 


Nee (4) eK matt (12) i as 
eimai imine in 


Caz! (3) ppl 4 (14) CB2’ 
= ae a= 
Vec- (2) 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages (see Note 1): 


NCGs. Sk a Ss Be a we Bee Be Be ee yee Se ee ke BV. 
Input voltage (see Note 1 a ede, Gh, at Ct ae, RE Ap a BY ce dies: Gin Seles GP Bice a SN, ae GE, > ab eek oe ah, ON 
Output sink current (any one output) . 2... 1. we ee ee ee ee eee eee ee 6) 6 8OMA 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 2) . . . .. 2... . . 500mW 
Operating free-air temperature range: TL441M Circuits ...........2.88. 4... © —55°C to 125°C 

TL44 1G Circuits. 5.6 wo oe Goo we oa oe wee He > a OC tO 70C 
Storage temperaturerange 2. 1... ee ee ee ee ke ee eee) 665°C to 150°C 


NOTES: 1. All voltages, except differential output voltages, are with respect to network ground terminal. 
2. For operation of the TL441M above 70 C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


TL441M TL441C 


Operating free-air temperature, Ta —55 125 










electrical characteristics, Vcc+ = 6 V, Vcc— =—6 V, TA =25°C 


TEST 
PARAMETER 
FIGURE 


Differential output offset voltage 









TL441M TL441C UNIT 
MIN TYP MAX |MIN TYP MAX 


2 5.45 5.6 585/545 5.6 5.85 Vv 


3 7 8 10 6 8 12 | mV/dBV 


i ey 
zo 

A-c scale factor (differential output) hi aa | 8 m/e | 

of —35 dBV to —5 dBV range) 

Input impedance es ee ee 
ee ee ec 
a ee 20 | ons | 
Ree 
ee 


Quiescent output voltage 
D-c scale factor (differential output), 
each 30-dBV stage, -35 dBV to —5 dBV 









Output impedance 
Rise time, 10% to 90% points, Cy = 24 pF 
Supply current from Voc+ 


20. 30{ 2030 
5 23(145 185 23 


123. 162 201/123 162 201 








Supply current from Vcc— 


Power dissipation 2 









[PARAMETER MEASUREMENT INFORMATION 


Vec+ Vcc— 





B2 
CB2 CB2’ 





Pp = Vcc+ Icc+ + VCC—: Icc_ 
FIGURE 1 FIGURE 2 
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TYPES TL441M, TL441C 


LOGARITHMIC AMPLIFIERS 








Scale Factor = 


Error 


PARAMETER MEASUREMENT INFORMATION 


Vec+ Vec- 


(V out(S560 mV) 
30 dBV 


: NVout(100 mV) — 9-5 Vout(560 mV) —0-5 Vout(18 mv)! 


Scale Factor 


FIGURE 3 


TYPICAL CHARACTERISTICS 


TL441M 


DIFFERENTIAL OUTPUT OFFSET VOLTAGE 


Differential Output Offset Voltage—mV 


D-C Error at Midpoint of 30-dBV Range—dBV 


vs 


FREE-AIR TEMPERATURE 





Quiescent Output Voltage—V 


-25 0 258 50 
Ta—F ree-Air Temperature—C 


FIGURE 5 


TL441M 
D-C ERROR 
vs 


FREE-AIR TEMPERATURE 





1,—Output Rise Time—ns 


-25 #0 25 «650 75 100 125 
Ta—Free-Air Temperature—"C 
FIGURE 8 


— Vout(18 mv)] mV 





NOTES: 


QUIESCENT OUTPUT VOLTAGE 
vs 


FREE-AIR TEMPERATURE 





ie 
aes tiasic —i} |_| 
Ceaanel ee 


Vec- =-6V 
See Figure 2' 

—-25 O 25 50 75 100 125 
Ta—FreeAir Temperature—°C 


FIGURE 6 
















0 
-75 -50 


OUTPUT RISE TIME 
vs 
LOAD CAPACITANCE 


See Figure 4, outputs loaded symmetrically 


0 5 10 15 20 26 Kt) 
Cy_—Load Capacitance—pF 


FIGURE 9 


istics: 


Vcc+ Vecc- 






TEKTRONIX 
SAMPLING SCOPE 
WITH DIGITAL 






READOUT OR 
EQUIVALENT 






A. The input pulse has the following character- 


ty, = 50 ns, tr < 2 ns, te < 2 ns, 


PRR = 10 MHz. 


B. Capacitor C; consists of three capacitors in 


parailel: 1 uF, 0.1 uF, and 0.01 uF. 
C. Cy includes probe and jig capacitance. 


D-C Scale Factor (Differential Output)—mV/dBV 


Power Dissipation—mWw 





t?) 
-75 





FIGURE 4 


TL441M 
D-C SCALE FACTOR 
vs 
FREE-AIR TEMPERATURE 


Vec- = -6V 
See Figure 3 


-25 #0 Bb 50 75 #100) 125 
Ta—Free-A ir Temperature—"C 


FIGURE 7 


—50 


POWER DISSIPATION 
vs 
FREE-AIR TEMPERATURE 


Vec+* 6V 


Vec-—=-6V 


0 
~-75 -50 ~25 0 25 50 75 100) 125 


Ta—Free-Air Temperature—°C 


FIGURE 10 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


Although designed for high-performance applications Four compensation points are made available to allow 
such as broadband radar infrared detection, and slight variations in the gain (slope) of the two 
weapons systems, this device has a wide range of individual 15-dBV stages of input A2 and B2. By 
applications in data compression and _ analog slightly changing the voltage on any of the 
computation. compensation pins from its quiescent value, the gain 
of that particular 15-dBV stage can be adjusted to 
basic log function match the other 15-dBV stage in the pair. The 
compensation pins may also be used to match the 
The basic log response is derived from the transfer characteristics of input A2 to Al or B2 to 
exponential current-voltage relationship of collector B1. 
current and base-emitter voltage. This relationship is 
given in the equation: The log stages in each half of the circuit are summed 
m-Vee = In [(Ic+ IcES)/IceEs] by directly connecting their collectors together and 


where: Ic = collector current summing through a common-base output stage. The 
ICES = collector current at VgE = 0 two sets of output collectors are used to give two log 
m =a/kT (in V—-2) outputs, Y and Y (or Z and Z) which are equal in 
amplitude but opposite in polarity. This increases the 


versatility of the device. 
The differential input amplifier allows dual-polarity ‘ 


VBE = base-emitter voltage 


inputs, is  self-compensating for temperature By proper choice of external connections, linear 

variations, and is relatively insensitive to noise. amplification, linear attentuation, and many different 

; ; applications requiring logarithmic signal processing 
functional block diagram are possible. 


input levels 


The recommended input voltage range of any one 
stage is given as 0.01 volt to one volt. Input levels in 
excess of one volt may result in a distorted output. 
When several log sections are summed together, the 
distorted area of one section overlaps with the next 
section and the resulting distortion is insignificant. 
However, there is a limit to the amount of overdrive 
that may be applied. As the input drive reaches 
+3.5 volts, saturation occurs, clamping the 
collector-summing line and severely distorting the 
output. Therefore, the signal to any input must be 
limited to approximately +3 volts to ensure a clean 








output. 
FIGURE 11 
output levels 

; Differential-output-voltage levels are low, generally 
log sections less than 0.6 volt. As demonstrated in Figure 12, the 
output swing and the slope of the output response 
As can be seen from the schematic, there are eight can be adjusted by varying the gain by means of the 
differential pairs. Each pair is a 15-dBV_ log slope control. The coordinate origin may also be 
subsection, and each input feeds two pairs for a range adjusted by positioning the offset of the output 

of 30 dBV per stage. buffer. 

326 TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


circuits 


Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise 
designated are uA741. For operation at higher frequency, use of uA733 is recommended instead of uA741, with the 
differential outputs connected as in Figure 14. 


TYPICAL TRANSFER 
CHARACTERISTICS 


SUT TT TTT 
AULA TT LIP 
ila 
ioral 
Nt atl 
Hee tp ral Ut 


Atl Race ait FOR neiyalnd 


1.4 








1.2 














1.0 



















0.6 


Output Voltage—V 
to] 
a 





0.4 





0,2 





f—-—} 
_—— —7 


TH ZER 


- ni ww 


10-4 10-3 19-2 1072 101 


Input Voltage—V 
FIGURE 12—OUTPUT SLOPE AND ORIGIN ADJUSTMENT 
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TRANSFER CHARACTERISTICS * 
OF TWO TYPICAL INPUT STAGES 


~ CTT TTT TT 
Sealant 
CU A 

CUM TM Aa UT 
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FIGURE 13—UTILIZATION OF SEPARATE STAGES 


TRANSFER CHARACTERISTICS 
WITH BOTH SIDES PARALLELED 


~ CTT TTT TT 
a CUCU LIT 
| 7 
2kQ,1% Cae : 2.2 
LEI ATI ET 


CUTE UTI | re 1 
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PUTT TEAL UT 
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FIGURE 14—-UTILIZATION OF PARALLELED INPUTS 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 


TYPICAL APPLICATION DATA 


TRANSFER CHARACTERISTICS 





ST 













e010 MNT 
Sa HME PN 
CEE 
So 0 
CAT 
0 TT 





NOTES: A. tnputs are limited by reducing the supply voltages for the input amplifiers to +4 V. 
B. The gains of the input amplifiers are adjusted to achieve smooth transitions. 


FIGURE 15—LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV 


INPUT 


ilo > 


e 
OUTPUT W 
> (See Note B) 
A2 Y 


INPUT 
B 





i|}_/-——o 


NOTES: A. Connections shown are for multiplication. For division, Z and 2 connections are reversed. 
B. Output W may need to be amplified to give actual product or quotient of A and B. 
C. R designates resistors of equal value, typically 2 kN to 10 kQ. 

Multiplication: W = A*B = log W = log A + log B, or W = alloga A + loga B) 


Division: W = A/B = log W = log A — log B, or W = allOga A — loga B) 


FIGURE 16—MULTIPLICATION OR DIVISION 
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TYPICAL APPLICATION DATA 







INPUT OUTPUT 
A 


; 1 


NOTE: R designates resistors of equal value, typically 2kQ to 10 k2. The power to which the input variable is raised is fixed by setting nR. 
Output W may need to be amplified to give the correct value. 
Exponential: W =A" = log W = n log A, or W = al loga A) 


FIGURE 17—RAISING A VARIABLE TO A FIXED POWER 





2k2 2k2 


O 
OUTPUT 
ORIGIN 
20 k2 


INPUT 


NOTE: Adjust the slope to correspond to the base ‘‘a’’. 
Exponential to any base: W =a 


FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER 













0.2 uF 
2.2 kKQ 
_ a 
OUTPUT 
a 2 Ena aia 
a) ea 
LS Adj 
502 502 Gain Adj. 
5 400 2 
— = | F for 30. dB = 0.2uF = = 
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FIGURE 19—DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz 
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FUTURE PRODUCT TYPE TL500 
TO BE ANNOUNCED ANALOG PROCESSOR 


JUNE 1976 





features ‘i 


. : DUAL-IN-LINE PACKAGE (TOP VIEW) 
e Resolution... 13 Bits 


: 2 SIGNAL INPUT 1 18 ZERO CAP 
e Linearity... (+1 Count) 0.05% Full Scale 
Max SIGNAL RTN. 2 17 ZERO CAP 
; : Vref O 
° True Differential Input ere TOM GCs 
8 Vref IN 4 15 BUFFER AMP OUT 
e High Input Impedance... 10° Ohms Typ 
ANALOG GND 5 14 INTEGRATOR IN 
e Automatic Zero 
REF CAP 6 13 INTEGRATOR OUT 
e Automatic Polarity eee 12 Voe_ 
e Internal Precision Voltage Reference BINPUT 8 11 DIGITAL GND 
e 200 Conversions/Second Typ AINPUT 9 10 COMPARATOR OUT 


description 


The TL500 contains all the active analog elements for an automatic zeroing, 13-bit dual-slope A/D converter that has 
true differential inputs and that will automatically indicate the polarity of the applied input signal. The TL500 requires 
a total of five external components: three capacitors and two resistors. These components need no special matching nor 
special tolerances. 


The TL500 is designed to be used with the TL501 or TL502 logic devices to form a complete A/D converter; how- 
ever, it can also be used with other logic devices for special purpose applications. 


The TL500 is a product of TI‘s BI-MOS process, which incorporates standard bipolar and MOSFET transistors on the 
same monolithic integrated circuit. 


functional diagram 5 C 
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FUTURE PRODUCT 
TO BE ANNOUNCED 





features 


e Compatible with TIL330 and TIL321 
Common-Anode Displays, and Other 
Popular Seven-Segment Common-Anode 
Displays 


e Over-Range Indicator 
e Internal Segment Drivers 
e Digit Base-Drive Outputs 

description 
The TL502 is a 4%-digit Digital Panel Meter Logic 
Device. It is designed to interface with the TL500 
analog processor, to provide base drive for the 


external p-n-p digit drivers, and to drive LED 
segments through external limiting resistors. 


TYPE TL502 
DIGITAL PANEL METER 


LOGIC CONTROL DEVICE 


JUNE 1976 





functional block diagram 


+ 20,000 


Osc 
INPUT 


REGISTER 


TRIGGER/ 
CLOCK-ENABLE MULTIPLEXER 
CONTROL 
LOGIC 
COMPARE/ BCD -+7- 
SEGMENT 
LAMP TEST BEcopen 


SEGMENT 
DRIVERS 


DIGIT-TRANSISTORS 
BASE-DRIVE BUFFERS 





A B DIGIT SEGMENT 
CONTROL OUTPUTS OUTPUTS OUTPUTS 
TO THE TL500 


The TL502 oscillator input can be driven directly from any TTL output, or a 470-pF capacitor connected between 
that input and ground will develop an internal clock frequency. 


Figure 1 shows a typical digital panel meter application. 
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FIGURE 1- TYPICAL DIGITAL PANEL METER USING TL500 AND TL502 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


BULLETIN NO. DL-S 7612400, MAY 1976 







e Stable Threshold Level 





e Threshold Hysteresis 


e Low Input Current e Wide Supply Voltage Range 


© High Output Sink Current Capability e Formerly SN72560 


description 


The TL560 ts a precision level detector intended for applications that require a Schmitt-trigger function. The detector 
has excellent voltage and temperature stability and an internal voltage reference for the input threshold level. The 
reference-voltage pin is available for external adjustment of the positive-going threshold voltage level. 


The TLS560C is characterized for operation from O°C to 70°C. 


L PLUG-IN PACKAGE JG OR P DUAL-IN-LINE 
(TOP VIEW) PACKAGE (TOP VIEW) 


ALL TERMINALS ARE INSULATED 
FROM THE CASE 


NC INPUT NC 


OUTPUT 





NC—No internal connection 





schematic 


Vcc 


GND 





REFERENCE 


Resistor values shown are nominal and in ohms. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 


ee Ne eres e cnr ccecc cee nc ncncccmaaaaaaaaeaeecaice eee eee ee eee ee ee eee eee I ET SIS BIEL E EEE IS TT I TEES SAE I I EG TTC, 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, Vcc (see Note 1). 4 4 ew ee Se Rw a wwe ee ae we 7V 
INpUtVOltage: (See NOTE Tc. te: ware dis Deas WS peek ek ee, oS at Ge oe ea OS Ah ow A Gee ae, MES 
Output voltage (see Note 1) ba ie wa, ee Bee eat AD SY tee ce a te “nw, a ae, So ae es eh ce UO 
Output sink current ig EE Bie Gace wa, Te Bo ORE ce ee a SR cake a Sa ae ae a Se te ee BG 160 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (seeNote2) ........ 2... 800mWw 
Operating free-air temperature range... ww kk ee ee ee ee ee ee ee ew ee 60°C to 70°C 
Storage temperature range Se adcrits 1. Ce Be ei ee Ue i Ee. Be ce ae. ae oh: ae ee oe ee ©6400. 450-E 
Lead temperature 1/16 inch from case for GO seconds: L package ......2.2.2. 2... .2. 2... 300°C 


Lead temperature 1/16 inch from case for 10 seconds: Ppackage .......2.2. 2... 22... 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature refer to Dissipation Derating Curve, Figure 3. This rating for the tL package 
requires a heat sink that provides a thermal resistance from case to free-air, Reca, of not more than 105°C/W. 


recommended operating conditions 
MIN NOM MAX UNIT 


supply Voltage, VCC ub kk > hae @ Sa Soe A ed ee ae ee 2B 5 7 V 
Low-level output current, Io. Se RS ie Be. May ay a, ho a were A A ta Sl Tt Tig he 48 mA 
Operating free-air temperature, TA 2 1 1 we ee ee ee ee eee ee ee) (CO 70. °C 


electrical characteristics over recommended operating free-air temperature range, VCC = 5V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Ratio of positive-going threshold 
Vr+/Vec i ais Vec=2.5V to7V 
voltage to supply voltage 


0.6 0. 
Input current below 
IT+ a V, = 2.75V, Output on 2 30 
positive-going threshold voltage 
Es 
4.8 ; 






















nA 
negative-going threshold voltage 

[Torei Offstate outputcurrent i) AV, Vee | | A 

[Vojon) _On-state outputvoltage ——SSSC~dC=O, SSC ABA | 0204 | V | 


tPositive-going threshold voltage, V+, is the input voltage level at which the output changes state as the input voltage is increased. 
Negative-going threshold voltage, V7_, is the input voltage level at which the output changes state as the input voltage is decreased. 


See data sheet DL-S 7412126, Linear and Interface Circuits Ordering Instructions and Mechanical Data, dated April 1974 and its Supplement, 
dated February 1976. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL CHARACTERISTICS 


POSITIVE-GOING THRESHOLD VOLTAGE ON-STATE OUTPUT VOLTAGE 
vs 
SUPPLY VOLTAGE ON-STATE OUTPUT CURRENT 


























VT+—Positive-Going Threshold Voltage—V 
VOton)—On-State Output Voltage—V 























0 25 50 75 100 125 150 
Voec—Supply Voltage—V IO(ony—On-State Output Voltage~V 


FIGURE 1 FIGURE 2 





THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


PKG DERATE FROM 
L 6.4mW/°C 25°C 
JG 74mw/°c 42°C 
Pp 8.OmW/?C 50°C 


Maximum Continuous Dissipation—mW 





0 10 20 30 40 50 60 
Ta—Free-Air Temperature—C 


FIGURE 3 


NOTE 3: This rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Rgaca, of not more than 
105°C/W. 





TYPICAL APPLICATION DATA 


The TL560 performs the function of a Schmitt trigger circuit. The logic function is noninverting and has a wide 
hysteresis between the positive-going and negative-going threshold voltage levels (see Figure 4). 


Operation of the TL560 is specified at a Vcc of 5 V, although 2.5-V to 7-V supply operation is possible. The device 
can be used with popular logic systems (such as Series 54/74 TTL) and standard battery voltages. 


Figure 5 is used to illustrate operation of the TL560 circuit. The input stage is a differential amplifier composed of Q1, 
Q2, 03, and O4. The input signal is applied at the base of Q1 while the base of Q2 is connected to an internal reference 
voltage determined by resistors R4 and R5 and Vcc} Vref = Vcc: RO/(R4+R5). 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


6 


Vcc 
VTt 5 
INPUT 
q VT— Ri 
0 4 
! 











Vcc =5V 
Ta =25°C 


1 4 
| HYSTERESIS 2 wae 
' | INPUT OUTPUT 5 3 
\ | a 
a= V 3 
CC o 
i=) 
REFt = 
1 
OUTPUT -=VoOlon) = 
OPEN 7 


0 05 1 15 2 25 3 35 4 
V 4—Input Voltage—V 


FIGURE 4—INPUT-OUTPUT TRANSFER FUNCTION 





_ REFERENCE 
Vcc 
INPUT 

[ 

| 

| 

| 

GND | 

; DIFFERENTIAL HYSTERESIS | THRESHOLD OUTPUT | 

INPUT (POSITIVE FEEDBACK) REFERENCE | DRIVER 
| AMPLIFIER { CIRCUIT J CIRCUIT | CIRCUIT | 


FIGURE 5—FUNCTIONAL CIRCUIT DIAGRAM 


If the base of Q1 is less positive than the base of Q2, Q2 conducts and causes 04, Q5, Q7, Q8, and the output. 


transistor, Q9, to conduct. Transistors Q2 and Q5 share the current in emitter resistor R1. Since Q1 does not conduct, 
Q3 and Q6 do not conduct. There is no base current in Q1, and therefore no current required from the input source. A 
very high input impedance therefore exists. Since Q2 is conducting, a small voltage drop exists across R3 due to Q2 
base current. 


If the input voltage is increased, Q1 does not conduct until the input voltage (base voltage of Q1) approaches the base 
voltage of Q2. Current is then switched from the emitters of Q2 and O5 to the emitter of Q1. Conduction in Q1 causes 
current to flow in Q3 and Q6 which results in additional voltage drop in R3 and therefore a reduction in the base 
voltage of Q2. This positive feedback accelerates switching action and causes conduction to rapidly cease in Q2, Q4, 
Q5, Q7, Q8, and the output transistor, Q9. Conduction in Q6 causes the base of Q2 to assume a voltage (approximately 
0.6 V) much lower than the original reference voltage (approximately 3 V). This results in hysteresis between the 
positive-going and negative-going threshold levels. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


After switching occurs, the base current of Q1 increases to a somewhat higher value than just belowthreshold because 
of higher Q1 operating currents. Once the positive-going threshold level (~3 V) has been reached, the input voltage 
must be reduced to the negative-going threshold level (~0.6 V) before switching back to the original state will occur. 
Figure 4 illustrates the threshold levels of the TL560. Because the input current increases after the positive-going 
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source 
resistance. If the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If 
the source resistance is too high, oscillation or periodic switching may occur. 


The positive-going threshold voltage level (V7T+) is guaranteed to be 3.00 + 0.20 volts at a Vcc of 5 V. It is also 
approximately 60% of the supply voltage over the supply voltage range of 2.5 V to 7 V. With a resistor-capacitor 
network as illustrated in Figure 7, a VT+/Vcc ratio of 60% results in a timed interval of approximately RC seconds, 
independent of the Vcc level. Since the input current is nominally 2 nA just below the V7 level, very large values of 
R and/or large values of C may be used to achieve long-timed intervals. The duration of the timed interval may be 
greatly increased (at the expense of accuracy) by using a P-N-P transistor as shown in Figure 11 in a 
capacitance-multiplication technique. The timed interval is, however, sensitive to variations in the h-E of the P-N-P 
transistor. Also for any of the timing applications, very-low-leakage capacitors are necessary for accurate operation. 


The low input current (30 nA maximum for I7+4) and high output sink current (160 mA maximum) make the TL560 
excellent in applications of interfacing between low-level systems and TTL systems where precision level detection is 
required. The output is capable of sinking up to a maximum of 160 mA with a TTL-compatible on-state voltage of 
0.4V maximum guaranteed at a sink current of 48mA. With an appropriate output pull-up resistor 
(RL ~2kQ to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accommodated. 


In addition to applications interfacing with TTL systems, the TL560 finds application in driving relays, lamps, 
solenoids, thyristors (SCRs and triacs), and other peripheral devices. 











Vcc Vcc 
R12 RL 
VO Vo 
| 
R2 ¢g 
REF 
~ OPEN 
ANGE 
Output turns off when Vy 2 V-r4 
Output turns on when V; < V7_ OUTPUT 
es R2 
where V| VOCe ne == =VoO Ion) 
FIGURE 6—BASIC SENSOR CIRCUIT FIGURE 7—BASIC TIMED-INTERVAL CIRCUIT 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 





TYPICAL APPLICATION DATA 


Vec 
SINK CURRENT 
4—__— 





Vcc Vcc 


RELAY 


Vo v1 c 


SEE al 
SOURCE CURRENT 








vy 





REF 


OPEN le OPEN 
FIGURE 8—EXTERNAL N-P-N TRANSISTOR FIGURE 9—EXTERNAL P-N-P TRANSISTOR FIGURE 10—RELAY DRIVER 
FOR INCREASING SINK CURRENT FOR INCREASING SOURCE CURRENT 


= OPEN 


CONDUCTIVE 
LIQuIO 





Rteedback 
OPEN 
NOTE A: This circuit can be used as a touch- 


control switch with R¢gedback © 10 M&2. ; 
FIGURE 13—SWITCH WITH TWO FIGURE 14—LIGHT-LEVEL SENSOR FIGURE 15—LIQUID-LEVEL SENSOR 
STABLE STATES 














Vec 
AA "7. 
Te ey: Vo 
= 
OPEN 
FIGURE 16-—THYRISTOR DRIVER CIRCUIT FIGURE 17—SINE-WAVE-TO-SQUARE- 
WAVE CONVERTER 
PRINTED IN U.S.A. 5 
TI cannot assume any responsibility for any circuits shown 
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LINEAR TYPES TL601, TL604, TL607, TL610 
INTEGRATED CIRCUITS P-MOS ANALOG SWITCHES 


BULLETIN NO. DL-S 7612401, JUNE 1976 





Switches +10-V Analog Signals JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
e TTL/DTL Logic Capability Mee) 


e 5- to 30-V Supply Ranges 
6 Low (100 2) On-State Resistance 


© High (10''! (2) Off-State Resistance 


e 8-Pin Functions 
description 


The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high roff/ron ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to +10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by BI-MOS 
technology, which combines p-channel MOS with 
standard bipolar transistors. 


These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/D and D/A 
converters, MODEMS, sample-and-hold systems, sig- 
nal multiplexing, integrators, programmable oper- 
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 


The TL601 is an SPDT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control inputs. The TL610 features a 
higher roff/ron ratio than the other members of the 
family. 


The TL601M, TL604M, TL607M, and TL610M are 
characterized for operation over the full military 
temperature range of —55°C to 125°C, the TL6011, 
TL6041, TL607!, and TL610I are characterized for 
operation from —25°C to 85°C, and the TL6OIC, 
TL604C, TL607C, and TL610C are characterized for 
operation from 0°C to 70°C. 


s2. st VYec- 


TYPICAL OF TYPICAL OF 
ALL INPUTS ALL SWITCHES 





Switch positions shown are for all inputs high. 
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TYPES TL601, TL604, TL607, TL610 


P-MOS ANALOG SWITCHES 


$1 

: 
j 4—s2 

t 





FUNCTION TABLE 


OFF (OPEN) ON (CLOSED) 
OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 


De. 


FUNCTION TABLE 







OFF (OPEN) OFF (OPEN) 










ON (CLOSED) 





OFF (OPEN) 





INPUTS ANALOG SWITCH 
AENABLE | StS? 


OFF (OPEN) ON (CLOSED) 


TL604 


n 
= 
” 
—_ 


FUNCTION TABLE 


LOGIC INPUT ANALOG SWITCH 


H ON (CLOSED) OFF (OPEN) 
L OFF (OPEN) ON (CLOSED) 






FUNCTION TABLE 


ee eT ANALOG SWITCH 
Ss 


OFF (OPEN) 
OFF (OPEN) 


ABS 

L 

Xx OFF (OPEN) 
H ON (CLOSED) 










H = high logic level 
L = low logic level 
X = irrelevant 


Switch positions shown are for 
all inputs high. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1) 


whe S89 si eee, eo 30 V 

Supply voltage, VCC- : me a ea See SE ee Se Be ee SOV 
Vcc+ to Vcc— supply deleane differential 35 V 
Control input voltage - Vect+ 
Switch off-state voltage . 380V 
Switch on-state current a. te Ss vals oes te A ee : .10mA 
Operating free-air temperature range: ‘TL6O1M, TLeO4M, TLEO7™M, TL610OM bs Seed? Re Ser odie | 55° C to 125°C 
TL6O1I, TL6041, TL6O7I,TL6101 . 2... we . 25°C to 85°C 

TL601C, TL604C, TLG07C, TL610C .......... =. OCto70°C 

Storage temperature range ; ote Ge, BONE ah id, Sen Oo . -65°C to 150°C 
Lead temperature 1/16 inch from case Stor 60 secede! IG wackaue Hal deat “bsp ex dss Sar: ye {hei ies So Bete. ye uOO Le 
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . 1... ee ee ee ew ee ew es 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
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TYPES TL601, TL604, TL6O7, TL610 
P-MOS ANALOG SWITCHES 





recommended operating conditions 


TL601M, TL604M TL601!1, TL6041 TL601C, TL604C 
TL607M, TL610M TL607!1, TL6101 TL607C, TL610C UNIT 
[MIN NOM Max | MIN NOM max | MIN NOM MAX 


[supply voltage, Voc: eerie ——S~isis ts | st | sO 28 | 
Supply voltage, Voc (see Figure 1) ————~«d(Y~ 82028 | 208 | S20 
| Vecs to Vec— supply voltage differential (see Figuret)] 15 = 30 || 15) 0 | 15 80 
|Controlinputvoltage— —“‘“C;Cé;SsTS OONOOOOCCFCUSU | UOOTTrtC“‘“SSS CT OOO CS | 
| Switchon-statecurrent COCO 

ee oe 


Operating free-air temperature, TA 













Figure 1 shows power supply boundry conditions for proper operation of the TL601 Series. The range of operation for 
supply Vcc+ from +5 V to +25 V is shown on the vertical axis. The range of supply VcC— from —5 V to —25 V is 
shown on the horizontal! axis. A recommended 30-volt maximum voltage differential from VcCc+ to VCC— governs the 
maximum Vcc+ for a chosen Vcc — (or vice versa). A minimum recommended difference of 15 volts from Vcc+ to 
Vcc~— and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 


Vcc+ —Supply Voltage—V 





Vcc— —Supply Voltage—V 


FIGURE 1 
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TYPES TLG6O1, TL604, TL6O7, TL610 
P-MOS ANALOG SWITCHES 





electrical characteristics over recommended operating free-air temperature range, 
Vec+ = 10V, Vec— = —20 V, analog switch test current = 1 mA (unless otherwise noted) 


TL6--—M eer 
PARAMETER TL6—~I 


MIN TypPt MIN TYPt MAX 
Vin High+evel control inputvoltage || sd 









TEST CONDITIONS*t 









Cc 
é 
+ 











Vi_ Low4evel control input voltage Po 8 | 
NH = High4evel control input current {| Vj = 5.5 V | 1004 
Iy_ Low-4evel contro! input current V,;=04V —50 —250 -50 —-—250 
Vv =-10V, Ta = 25°C —400 ~—800 -500 —1000 
loff Switch offtate current (sw) 
Seo Note 2 Ta=MAX[ ____—50 100, 


MAX 
40 80 
220 400 
fot Switch offatet resistance | SSCSC~*” 
Con Switch on-state input capacitance | Vi(sy) = 0 V, f = 1 MHz 


Cof¢ Switch off-state input capacitance | Vj(syw) = 0 V, f = 1 MHz a: See 


~~ 
oa 
NO 
8 






Vilsw) = 10V, 
lo(sw) =—1 mA 





4 





oO 
8 
~ 


2 . 
EEE 






fon Switch on-state resistance 









lO(sw) =—1 mA 


NO 
NO 
=] 
o 
8 







120 


S 


TL610 







~ 









TL601 
| Tse | 
input high TL607 : 
Enable 
input low 3s 
| tisio ft 
TL601 
el a 
a ee 
input high 
are ; vey 
: ~0.05 -0.5 -0.05 -0.5 
a 


po tG1O P12 2571.2 ~2.5 | 


Logic input(s) 
at 5.5 V, 

All switch 
terminals 










loc+ Supply current from Voc+ 






open 











Logic input(s) 
at 5.5 V, 

All switch 
terminals 











Icc~ Supply current from Veoc— 






open 









tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAIl typical values are at Ta = 25°C. 
NOTE 2: The other terminal of the switch under test is at Vocy = 10 V. 


switching characteristics, Voc = 10 V, Voc_ = —20 V, Tp = 25°C 


PARAMETER TEST CONDITIONS MIN 


t Switch turn-off time 
Ry = 1 k82, CL = 35 pF, See Figure 2 


ton Switch turn-on time 
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TYPES TLGO1, TL604, TL607, TLE10 
P-MOS ANALOG SWITCHES 





PARAMETER MEASUREMENT INFORMATION 





2.4V +10 V 

OR ———-0T"O OUTPUT =—-4 eh 

~10V te INPUT 50% 50% 

1k2 ay (See Note B) ton— | toff —j-——gy 
(See Note A) — — —+-VO 
= = OUTPUT 90% 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
(10 V) ei 
Vo* 1kQ+ fon 


NOTES: A. The pulse generator has the following characteristics: Zoy = 50 82, tp = 15 ns, te= 15 ns, ty = 500 ns. 
8. C, includes probe and Jig capacitance. 


FIGURE 2 





TYPICAL CHARACTERISTCS 


Si ea SWITCH ON-STATE RESISTANCE 
VS 
SWITCH ANALOG VOLTAGE 


fon—On-State Resistance—Q 
PE UA TTL 


fon—owitch On-State Resistance—{2 








Ea 
ma 
= 
- 
- 
a 





0 10 
-15 -10 -5 0 5 10 ~75 —-50 -25 0 25 50 75 100 125 
Vi(sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—C 
FIGURE 3 FIGURE 4 
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LINEAR TYPES uA733M, uA733C 
INTEGRATED CIRCUITS DIFFERENTIAL VIDEO AMPLIFIERS 


BULLETIN NO. DL-S 7611415, NOVEMBER 1970—REVISED JUNE 1976 





FORMERLY SN52733, SN72733 
e 200 MHz Bandwidth 


e 250k Input Resistance 
e Selectable Nominal Amplification of 10, 100, or 400 


e No Frequency Compensation Required 
e Designed to be Interchangeable with Fairchild 1 A733 and 1» A733C 


description schematic 






The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 


width, flow phase distortion, and excellent gain G2a 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current- 
source biased to obtain high common-mode and aah 
supply-voltage rejection ratios. 


Internal series-shunt: feedback provides wide band- va fe 
SELECT 


Component values shown are nominal , 


Fixed differential amplification of 10, 100, or 400 may be selected without external components, or amplification may 
be adjusted from 10 to 400 by the use of a single external resistor connected between G1A and G1B. No external 
frequency-compensating components are required for any gain option. 


The device is particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and in high-speed 
thin-film or plated-wire memories. Other applications include genera! purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain stability are required. 


The uA733M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA733C 
is characterized for operation from O0°C to 70°C. 


terminal assignments 


L U FLAT PACKAGE 


JORN 
(TOP VIEW) 


DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) 





GAIN GAIN GAIN GAIN 
INPUT SELECT SELECT OUTPUT GAIN SELECT INPUT SELECT SELECT OUTPUT 
2 NC G2B GiB Vcc+ NC 2 2A G2B  G1B 2 


ee NC GAIN GAIN Vcc — NC are GAIN GAIN Vcc 


SELECT SELECT 


SELECT SELECT 
G2A_ GIA 
PIN 5 IS IN ELECTRICAL CONTACT WITH THE CASE G2A GIA 


NC—No internal connection 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 













Supply voltage Vec— (See Note 1) 
Differential input voltage £5 +5 


Common-mode input voltage 
Output current Eee a ee 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) }_s00_|__so0__j}_ 
Operating free-air temperature range 
Storage temperature range 

Lead temperature 1/16” from case for 60 seconds 
Lead temperature 1/16" from case for 10 seconds 


NOTES: 1. All voltage values, except differential input voltages, are with respect to the zero reference level (ground) of the supply voitages 
where the zero reference level is the midpoint between Voc and Vcc_. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics, Voc = 6 V, Vec_ = —6 V, Tp = 25°C 
TEST warssc 
PARAMETER TEST CONDITIONS oe rdacal — 
FIGURE SELECT|MIN TYP MAX|MIN TYP MAX 
300 400 5 250 400 600 
Vop=1V 


a 
BW Bandwidth ae Rs = 502 

el 

aed 


















































of of o 
QTaQTO 














E 
< 


Large-signa! differential 





90 100 11 


Oo 


A 
VD voltage amplification 












lio Input offset current 


Input bias current 
Input voltage range 


oe ae 
me 
| 3 
ae 
ae a 
env 
Ee eee ed 
ees Ee 
Se 
Common-mode 
—— 
ee E7 
Lette 
Ee 
ee 


Output offset voltage a 


Maximum peak-to-peak 


Vv 
oer output voltage swing 






Input resistance 








ro Output resistance 
Cj Input capacitance 





Common-mode 
CMRR be fs : 
rejection ratio 


Supply voltage AV Mie 
AVcc/AVio YY 89 ect 
rejection ratio AVcc— =+0.5V 
Vv Broadband equivalent: 
. input noise voltage 


Propagation delay time 


Dp 
oO 
Pa! 
ou 


“ 
ol 


10 10 








o 
° 
o 
ro) 






Maximum output 





'sink(max) 






sink current 
lec Supply current 


t The gain selection is made as follows: 
Gain 1... Gain Select pin G1A Is connected to pin G1B, and pins G2A and G2B are open. 
Gain 2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 
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TYPES wA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





electrical characteristics (continued), Vcc+ = 6 V, Vcc— = —6 V 
Ta = —55°C to 125°C for uA733M, 0°C to 70°C for uA733C 


TEST GAINt | uA733M ee 
PARAMETER TEST CONDITIONS UNIT 
FIGURE SELECT| MIN MAX| 


r+ | 200 600| 250 600 
Vop=1V 
Ts [sel 82 


[to leputoffrereurent [| ————Ssd Ar | CA 
Ir input bias current Tan [40 AO 
7 










Large-signal differential 






A 
VD voltage amplification 









V\ Input voltage range 












Output offset voltage 


‘e) 
Oo 


Maximum peak-to-peak 


V 
OPP output voltage swing 


rj Input resistance 


aaa 
pt 
ae 

cman commonsmode iets 


rejection ratio 
RiEGee 705 V, 
AVcc— = +0.5 V 


Icc Supply current 


No load, no signal 
tThe gain selection is made as follows: 


Gain1... Gain Select pin G1A is connected to pin G1B, and pins G2A and G28 : are open. 
Gain2... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B. 
Gain3... All four gain-select pins are open. 


Supply voltage 
AVcc/AV 
ce 10 rejection ratio 


Maximum output 


| » 
sink (max) sink current 
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TYPES wA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Ayp) The ratio of the change in voltage between the output terminals 
to the change in voltage between the input terminals producing it. 


Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value. 


Input Offset Current (ljQ) The difference between the currents Into the two input terminals with the inputs grounded. 
Input Bias Current (1jgB) The average of the currents into the two input terminals with the inputs grounded. 


Input Voltage Range (Vj) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 


Common-Mode Output Voltage (Voc) The average of the d-c voltages at the two output terminals. 


Output Offset Voltage (VOQ) The difference between the d-c voltages at the two output terminals when the input 
terminals are grounded. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) The maximum peak-to-peak output voltage swing that can be 
obtained without clipping. This includes the unbalance caused by output offset voltage. 


Input Resistance (rj) The resistance between the input terminals with either input grounded. 

Output Resistance (ro) The resistance between either output terminal and ground. 

Input Capacitance (Cj) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of a change in input common-mode voitage to the resulting 


change in input offset voltage. 


Supply Voltage Rejection Ratio (AVCcC/AV|Q) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (V,) The voltage of an ideal voltage source (having an internal impedance equal to 


zero) in series with the input terminals of the device that represents the part of the internally generated noise that can 
properly be represented by a voltage source. 


Propagation Delay Time (tod) The interval between the application of an input voltage step and its arrival at either 
output, measured at 50% of the final value. 


Rise Time (t,;) The time required for an output voltage step to change from 10% to 90% of its final value. 


Maximum Output Sink Current (Isink(max)) The maximum available current into either output terminal when that 
output is at its most negative potential. 


Supply Current (lcc) The average of the magnitudes of the two supply currents |cc1 and Icc2. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 





eer: PARAMETER MEASUREMENT INFORMATION 
test circuits 


0.2 uF 
50Q 502 50 2 502 “i 1kQ 
; Sane) _ FIGURE 2 
502 0.2 uF 
| a 1kQ $1k2Q 
FIGURE 3 FIGURE 4 ; ; 


G2B G1B 





1k2 $1kQ 
G2A GIA 
VOLTAGE AMPLIFICATION ADJUSTMENT 
FIGURE 5 FIGURE 6 





TYPICAL CHARACTERISTICS 


PHASE SHIFT PHASE SHIFT 
VS vs 
FREQUENCY FREQUENCY 





Phase Shift 
Phase Shift 
| 
ND 
8 





—400° 
Pe 
1 4 10 40 





01 2 3 4 5 6 7 8 9 10 
f—Frequency—MHz f—Frequency—MHz 
FIGURE 7 FIGURE 8 
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TYPICAL CHARACTERISTICS 


VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) (SINGLE-ENDED OR DIFFERENTIAL) 
vs 
TEMPERATURE 


SUPPLY VOLTAGE 


PREEEEEEE 








Vcc+ =6V 
Vec-=-6V 





Nee 


AN 
w~CCCEAAI 


0.8 


N 






Voltage Amplification Relative to Value at Ta = 25°C 





eS 





ay 
mies 


Voltage Amplification Relative to Value at Vcc+ = 46 V 
























ae -§0 -25 0 25 50 75 100 125 - 3 4 7 8 
Ta—Free-Air Temperature—C Vectl- en core —V 
FIGURE 9 FIGURE 10 
DIFFERENTIAL VOLTAGE AMPLIFICATION SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs . vs 
RESISTANCE BETWEEN G1A AND G1B FREQUENCY 
a Se aE SD GEES GE GD HS GG 0 6 Ge ed 50 

«oo SSSR coe soo 
ees aciiliaeaaiil ts 
= 400; HVop =1V 8 
3 ith lhe 25°C = — tk 
< 
"CATHIE :° 
8 100 = bh! Rott tt £ 
2 SEES Het S oof LIU I 
So Co Nt eau e  {oams| Ii | tl 
= Io lm 2 imal | 
es RTM E N0F-Vecr nN 
OQ 20 i Vec-=-6V dle 
< | th wi S Ta = 25°C 

10 Bini < 'e} ae ! 

10 40 10 Ok 1 4 10 40 100 400 


Radj- Redoance siioeei GiA and ae 2 f—Frequency—MHz 





FIGURE 11 FIGURE 12 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


No Load 
No Signal 
Ta = 25°C 


eT 
CeeCr Eee 
SERHGRERE 
COE 


4 5 
Ta—Free-Air Temperature—"C : Vcc+l-Supply Voltage—V 


FIGURE 13 FIGURE 14 


Iec—Supply Current—mA 
{cc—Supply Current-mA 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE SUPPLY VOLTAGE 


vce GY (all al 

Vcec—=-6V Y 

ta=asc | | TIAL LLL 
a a el 


or 


> 


w 


a a | 
A ||| 
UIE VEIT EI 

CM ACEI TE 
He 


10k 3 4 5 6 7 8 
NVecs L-Supply Voltage—V 


NO 





Vopp—Maximum Peak-to-Peak Output Voltage—V 





Vopp—Maximum Peak-to-Peak Output Voitage—V 





© 


pe: 
a a 
0 100 400 1k 4k 


Ry_—Load Resistance—2Q 


ab 








FIGURE 15 FIGURE 16 
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE 
vs vs 
FREQUENCY FREE-AIR TEMPERATURE 
> 
{ 
® 
£ 
r) 
> 
3 c 
| 
a4 
° 3 
2 or 
3 S 
o e 
E T 
pm | oe 
£ r 
x 
& 
7 
a. 
a. 
O 
> 
1 2 4 710 20 40 70100 200 400 —60 -—40 -20 O 20 40 60 80 100 120 140 
f—Frequency—MHz Ta—Free-Air Temperature—C 
FIGURE 17 FIGURE 18 
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TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME 
VS vs 
FREQUENCY DIFFERENTIAL INPUT VOLTAGE 


CMRR—Common-Mode Rejection Ratio—dB 
torp—Differential-Input Overload Recovery Time—ns 





0 20 40 60 80 100 120 140 160 180 200 
f—Frequency—MHz Vip-—Differential Input Voltage—mV 


FIGURE 19 FIGURE 20 


PULSE RESPONSE 


AS A FUNCTION OF PULSE RESPONSE 
SUPPLY VOLTAGE AS A FUNCTION OF GAIN 


carer | | | | | | | 
ty] hes a 

JSS oa a a oa | See eee 
SUURiihRnew al eee 
Ena PASE 


Vecz = #3 V 


Vop—Differential-Output Voitage—V 
Vop—Differentia!-Output Voitage—V 








0 5 10 15 20 25 30° 35 0 5 10 15 20 25 30 35 
‘imesh t-—Time—ns 
FIGURE 21 FIGURE 22 
PRINTEO IN U.S.A. 676 
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MILITARY PRODUCTS 





MIL-M-38510 AND MIL-STD-883 MILITARY 
HIGH REL INTEGRATED CIRCUITS 


The Texas Instruments MIL-M-38510 and MIL-STD-883 programs offer a variety of options designed to meet con- 
tractual, reliability, and cost goals. MIL-M-38510 and MIL-STD-883 have been fully implemented to provide a broad 
product line of control circuits for both military original equipment and logistic requirements. Included in this section 
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in 
locating the commerical equivalent. The cross-reference from the catalog number to the JAN slash sheet number is also 
included. 


When system designs utilize control circuits not listed on the current OPL or where no slash sheet specification exists, 
the T! /883 or MIL-M-38510 JAN-processed program is recommended as a cost-effective substitute for non-standard 
program drawings or specifications. 


As an aid to predicting system reliability performance, the following is the estimated quality factor, [Iq, for Texas 
Instruments Linear Control Circuits, when processed to the options outlined in Table A. 


po PTION, | Ct 


JAN MIL-M-38510 CLASS B 
JAN-PROCESSED CLASS B 
/883B 

STANDARD HERMETIC 











The following military documents (see Note 1) establish the processing, quality, and reliability assurance requirements. 
for JAN integrated circuits. The detail requirements of each individual JAN device are specified in the slash sheets. 


MIL-M-38510/XXX, Microcircuits, Digital, TTL,...,..., 
Monolithic Silicon (Slash Sheets) 
MIL-M-38510, Microcircuits, General Specification for 
MIL-STD-883, Test Methods and Procedures for Microelectronics 
QPL-38510, Qualified Products List for MIL-M-38510 


NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa. 
19120, 
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MILITARY HIGH-REL PRODUCTS 
I. JAN MIL-M-38510 CLASS B PRODUCT 
These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC 
approved domestic production facilities. The Tl Linear Department is supplying only Class B product (see Table A, 


Column 1). 


A. Ordering Instructions: 


Order Entry Code™ JAN/XXXXXBXX 
Device Type JAN M38510/XXXXXBXX 
SLASH SHEET MIL-STD-883 CLASS PACKAGE LEAD FINISH 
AND DEVICE (CLASS B ONLY) 
TYPE 





CASE OUTLINE (SEE BLOCK A 





SEE TABLES | & Il 





LEAD FINISH (SEE BLOCK A} 


TYPE 


SOLDER DIP 
TIN-PLATE 
GOLOPLATE 
OPTIONALt 






















1j4° X 1/4" FLAT-14 
1/4" X 1/8" FLAT-14 
DIP-14 ; 

1/4" X 3/8" FLAT-14 










CUTLINE HIS FOR TI FAMILIES —1 Poaepe = ee ee BLOCK A. 
JAN CASE [JAN CASE OUTLINE & FINISH FOR TI FAMILIES __| 1 eT DLE’ Tela] Tl neice 









SERIES 54L "FLAT-16 


SERIES 54LS 
SERIES 54S 
LINEAR CONTROL 


| PRODUCT | ALB. 
SERIES 55 


SERIES 54 Fl 
MOS LSI 


SERIES 54H 

LEAD FINISH A 
LEAD FINISH B 
LEAD FINISH C 


* FLAT-10 











* FLAT-24 
" FLAT-24 









N<XH#e#eFReO-LAnmaar> 


B. Symbolization: 


JM38510/XXXXXBXX 
TI! Symbol (Trade Mark) 
4-Digit Date Code 





*Order entry code is used because the TI order entry system is limited to 14 digits. 


Foy Denotes finish A, B, or C at option of manufacturer. Devices will be marked A, B, or C as applicable. 
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MIL-M-38510 JAN-PROCESSED CLASS B PRODUCTS 


These devices will be tested to the electrical requirements of the JAN slash sheet specification and 100% processed to 
the MIL-STD-883 Class B requirements of Method 5004 (see Table A, Column II). 


A. 


Ordering Instructions: same numbering system as JAN with the omission of the JAN designation (see 1 above) 


Order Entry Code* TL/XXXXXBXX 
Device Type M38510/XXXXXBXX 


Symbolization: 
M38510/XXXXXBXX 


TI Symbol (Trade Mark) 
4-Digit Date Code 


883 CLASS B PRODUCT 


These devices will be tested to the Data Book full-temperature electrical requirements and 100% processed to the 
MIL-STD-883 Class B requirements of Method 5004 (see Table A, Column III). 


A. 


Ordering Instructions: 


Device Prefix Designator{ Package /883B 
Example: TL 497M J /883B 


Symbolization: 


(Device prefix, designator and package) /883B 
TI Symbol! (Trade Mark) 
4-Digit Date Code 


STANDARD HERMETIC PRODUCT 


This material will be tested to the Data Book electrical requirements and processed per Table A, Column IV. 


A. 


Ordering Instructions: 

Device Prefix Designator{ Package 
Symbolization 

(Device prefix, designator and package) 4 


Tl Symbol (Trade Mark) 
4-Digit Date Code 


*Order entry code is used because the TJ order entry system is limited to 14 digits. 


$ Similar to T! SNJ JAN-Processed program. 
ISee ordering Instructions on page 35, 
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TABLE A 
MILITARY PRODUCTS PROCESS FLOW 













1 iT wl IV 
MIL-STD-883 JAN JAN-PROCESSED 833 CLASS B STANDARD 
JM385 10/XXXXX M38510/XXXXX XXXXX/883B HERMETIC 

Visual Pre-Cap a 40X and 40X and 40X and 

Condition B 
Method 2010 100X 100X 100X 
Stabilization Bake - 24 hrs/ 24 hrs/ 24 hrs/ 24 hrs/ 

Condition C . +5 - 
Method 1008 +150°C +150°C +150°C +150°C 
Temp. Cycle te 10 cycles 10 cycles 10 cycles 

Condition C i" “ _ és “ 
Method 1010 —65°C to +150°C —65 C to +150 C —65 C to +150 C 
Centrifuge = 30,000 G’s 30,000 G’s 30,000 G's 

Condition E 
Method 2001 Y 4 Plane Y 7 Plane Y 1 Plane 
Fine Leak Condition A 5X 10-8 5 X 10-8 5 x 10-8 1X 10-7 
Method 1014 orB atm cc/sec atm cc/sec atm cc/sec atm cc/sec 
G Leak 

penne Condition C COND C CONDC CONDC 
Method 1014 
JAN ° 
JAN 25 C 
Electrical Test SLASH SHEET aie JAN ELECT 
Burn-In (minimum) Condition B 160 hrs 160 hrs 160 hrs 
Method 1015 or D 125°C 125°C 125°C 
JAN JAN 
Quality Conformance OUP A,B,C &D GROUP A PLUS GROUP A PLUS 
peg ban Method 5005 | GROUP A, GENERIC B, GENERIC B, GROUP A 

Sample Testing PER JAN SPEC C&D C&D 


External Visual 


3X to 10X 
Method 2009 


3X to 10X 3X to 10X 


Hi 


3X to 10X 
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TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 





JAN CKT JAN CKT JAN CKT JAN CKT 
/NO, TYPE /NO. TYPE /NO. TYPE /NO. TYPE 
00101 5430 01401 54150 03303 15950 07102 54S112 
00102 5420 01402 9312+ 03304 9094 07103 548113 
00103 5410 01403 54153 03501 MH0026 07104 545114 
00104 5400 01404 9309 04001 54HS0 07105 548174 
00105 5404 01405 54157 04002 54H51 07106 545175 
00106 5412 01406 54151 04003 54H53 07201 54S40 
00107 5401 01501 5475 04004 54H54 07301 54S02 
00108 5405 01502 5477 04005 54H55 07401 54851 
00109 5403 01503 54116 04101 54L51 07402 54864 
00201 5472 01504 93144 04102 54L54 07403 54S65 
00202 5473 01601 5408 04103 54L55 07501 54S86 
00203 54107 01602 5409 04104¢ 54L54 07502 54S135 
00204 5476 01701 54174 04201 54L121 07601t 54S 194 
00205 5474 01702 54175 04202 54L122 07602t 54S195 
00206 5470 01703T 54173 04301 93L18 07701T 548138 
00207 54794 01801 54170 04401 93L24 07702t 54S 139 
00301 5440 01901 54180 04501T 93L.14 07703t 54S280 
00302 5437 02001 54L30 04502+ 93L08 07801t 54S 181 
00303 5438 02002 54L20 04601 93L09 07802t 54S 182 
00401 5402 02003 54L10 04602 93L12 07901 54S 151 
00402 5423 02004 54L00 04603 93L22 07902 54S 153 
00403 5425 02005 54L04 05001 4011A 07903 548157 
00404 5427 02006 54L01/54L03 05002 4012A 07904 54S 158 
00501 5450 02101 54L71 05003 4023A 07905 54$251 
00502 5451 02102 54L72 05101 4013A 07906 54S 257 
00503 5453 02103 54L73 05102 4027A 07907 54S 258 
00504 5454 02104 54L78 . 05201 4000A 08001 54S 11 
00601 5482 02105 541.74 ~ 05202 4001A 08002 54S 15 
00602 5483 02201 54H72 05203 4002A 08101 54S 140 
00603 9304t 02202 54H73 05204 4025A 08201t 54S85 
00701 5486 02203 54H74 05301 4007A 10101 52741 
00801 5406 02204 54H76 05302 4019A 10102 52747 
00802 5416 02205 54H101 05303 4030A 10103 52101A 
00803 5407 02206 54H103 05401 4008A 10104 52108A 
00804 5417 02301 54H30 05501 4009A 10105 LH2101A 
00805 5426 02302 54H20 05502 4010A 10106 LH2108A 
00901 5495 02303 54H10 05503 4049A 10107 52118 
00902 5496 02304 54H00 05504 4050A 10201 52723 
00903 54164 02305 54H04 05505 4041A 10202t 52104 
00904 54165 02306 54H01 05601 4017A 10203t 52105 
00905 54194 02307 54H22 05602 4018A 10301 52710 
00906 54195 02401 54H40 05603 4020A 10302 52711 
00907T 9300¢ 02501 54L90 05604 4022A 10303 52106 
o0sost 9328 02502 54L93 05605 4024A 10304 52111 
o0gs09T 54198 02503 54L193 05701 4006A 10401 55107 
00910t 54166 02504 93L10 05702 4014A 10402 55108 
01001 5442 02505 93L16 05703 4015A 10403 55114 
01002 5443 02601 54L86 05704 4021A 10404 55115 
01003 5444 02701 54L02 05705 4031A 10405 55113 
01004 5445 02801 54L95 05706t 4035A 10406 7831 
01005 54145 . 02802 54L164 05707T 4034A 10407 7832 
01006 5446 02803 93L28t O5801t 4016A 10501t 52733 
01007 5447 02804 93L00 06001 105014 10601 LM 102+ 
01008 5448 02805 76L70 06002 10502¢ 10602 52110 
01009 5449 02806¢ 54191 06003 105054 10701 52109 
01101 54181 02901 54.42 06004 10506+ 10702t LM140-12 
01102 54182 02902 54L43 06005 10507 + 10703t LM140-15 
01201 54121 02903 54L44 06006 105094 10704t LM140-24 
01202 54122 02904 54L46 06101 10531 t 10801 3018A 
01203 54123 02905 54L47 | 06102 106314 10802 3045 
01204 9601 02906 76L42A 06103 10576+ 10901 t 52555 
01205 9602 02307 93L01 06104 10535£ 10902t 52556 
01301 5492 03001 15930 06201T 10504 15001 5485 
01302 5493 03002 15935 07001 54S00 15101 5413 
01303 54160 03003 15936 07002 54803 15102 5414 
01304 54163 03004 15946 07003 54804 15103 54132 
01305 54162 03005 15962 07004 54S05 15201 54154 
01306 54161 03101 15932 07005 54810 15202 54155 
01307 5490 03102 15944 07006 54S20 15203 54156 
01308 54192 03103 15957 07007 54822 15204 8250 
01309 54193 03104 15958 07008 54S30 15205 8251 
01310t 54196 03105 15933 07009 54S 133 15206 8252 
01311t 54197 03301 15945 07010 54S 134 15301 54125 
01312t 54177 03302 15948 07101 54S 74 15302 54126 


NOTE: Only the basic JAN and commercial numbers are shown, 
tSlash sheets not released as of date of this publication. 
Not recommended for new designs. 
*Class S only. 
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TABLE II. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 


CKT JAN CKT JAN CKT JAN CKT JAN 
TYPE /NO. TYPE /NO. TYPE /NO. TYPE /NO. 
54LS153 30902t 54L164 02802 5423 00402 54163 01304 
54LS157 30903t 54L193 02503 5425 00403 54164 00903 
54LS158 30904t 54S00 07001 5426 00805 54165 00904 
54LS160 31503t 54802 07301T 5427 00404 54166 00910t 
54LS161 31504t 54S03 07002 5428 16201t 54173 01703T 
54LS164 30605t 54S04 07003 5430 00101 54174 01701 
54LS168 31505t 54S05 07004 5432 16101T 54175 01702 
54LS169 31506t 54510 07005 5437 00302 53177 01312t 
54LS174 30106t 54S11 08001 5438 00303 54180 01901 
$4LS175 30107T 54515 08002 5440 00301 54181 01101 
54LS181 30801 54S20 07006 5442 01001 54182 01102 
54LS192 315071 54S22 07007 5443 01002 54186 20101 
54LS193 31508t 54S30 07008 5444 01003 54192 01308 
54LS194 30601T 54S40 07201 5445 01004 54193 01309 
54LS195 30602t 54S51 07401 5446 01006 54194 00905 
54LS196 32001 54864 07402 5447 01007 54195 00906 
54LS197 32002 54S65 07403 5448 01008 54196 01310 
54LS$221 31402t 54874 07101 5449 01009 54197 01311T 
54LS251 30905t 54585 08201 5450 00501 54198 oog09gt 
54LS253 30908t 54886 07501 5451 00502 5531 23001t (256 RAM) 
54LS257 30906t 54S 112 07102 5453 00503 55107 10401 
54LS258 30907t 545113 07103 5454 00504 55108 10402 
54LS261 31801t 54S114 07104 5470 00206 55113 10405 
54LS266 30303 54S$133 07009 5472 00201 55114 10403 
54LS279 31602t 54S 134 07010 5473 00202 55115 10404 
54LS283 31202t 548135 07502 5474 00205 76L42A 02906 
54LS290 32003 54S 138 07701f 5475 01501 76L70 02805 
54LS293 32004 548139 07702t 5476 00204 7831 10406 
54LS295 30606 54S140 08101 5477 01502 8250 15204 
54LS298 30909 54S151 07901 5479+ 00207 8251 15205 
54LS324 31702t 54S 153 07902 5482 00601 8252 15206 
54LS395 30607t 548157 07903 5483 00602 9093 03304 
54LS670 31901 548158 07904 5485 15001 93L00 02804 
54L00 02004 548174 07105 5486 00701 93L01 02907 
54L01 02006 545175 07106 5490 01307 93L08 04502t 
54L02 02701 54S 181 07801T 5492 01301 93L09 04601 
54L03 02006 54S 182 07802t 5493 01302 93L.10 02504 
54L04 02005 54S 194 07601T 5495 00901 93L.12 04602 
54L10 02003 545195 07602t 5496 00902 93L14 04501T 
54L20 02002 54S$251 07905 54107 00203 93L16 02505 
54L30 02001 548257 07906 54116 01503 93L18 04301 
54L42 02901 54S258 07907 54120 15401T 93L22 04603 
54L43 02902 - 545280 07703t 54121 01201 93L24 04401 
54L44 02903 5485387 20201T 54122 01202 93L28 +} 02803 
5446 02904 5400 00104 54123 01203 9300+ 00907t 
54L47 02905 5401 00107 54125 15301 9300 15901T 
54L51 04101 5402 00401 54126 15302 9304+ 00603 
54L54 04102, 04104¢ 5403 00109 54132 15103 9308 01503 
54L55 04103 5404 00105 54145 01005 9309 01404 
54L71 02101 5405 00108 54147 15601 93124 01402 
54L72 02102 5406 00801 54148 15602 9314+ 01504 
54L.73 02103 5407 00803 ‘54150 01401 9317 15802 
54L74 02105 5408 01601 54151 01406 9318+ 15603t 
54L78 0210A 5409 01602 54153 01403 9322 01405 
54L86 02601 5410 00103 54154 15201 9328 00908 
54L90 02501 5412 00106 54155 15202 9334 16001 
54L91 02806¢ 5413 15101 54156 15203 9338 15701 
54L93 02502 5414 15102 54157 01405 93410 23002 (266 RAM) 
54L95 02801 5416 00802 54160 01303 9601 01204 
54L121 04201 5417 00804 54161 01306 9602 01205 
54L122 04202 5420 00102 54162 01305 


NOTE: Only the basic JAN and commercial numbers are shown, 
tSlash sheets not released as of date of this publication. 

{Not recommended for new designs. 

Class S only. 
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TABLE |. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 





JAN CKT JAN CKT JAN CKT JAN CKT 

/NO. TYPE /NO. TYPE /NO. TYPE /NO. TYPE 
15401 54120 30002 54LS03 30502 54LS86 31202tT 54LS283 
15501 54HO8 30003 54LS04 30601t 54LS194 31301T 54LS13 
15502 54H11 30004 54LS05 30602+t 54LS195 31302t 54LS14 
15503 54H21 30005 54LS10 30603T 54LS95 31303t 54LS132 
15601t 54147 30006 54LS12 30604t 54LS96 31401t 54LS123 
15602+t 54148 30007 54LS20 30605t 54LS164 31402t 54LS221 
15603tT 9318+ 30008 54LS22 30606T 54LS295 31501t 54LS90 
15701 9338 30009 54LS30 30607t 54LS395 31502t 54LS93 
15801 9321 30101t 54LS73 30701t 54LS138 31503t 54LS160 
15802 9317 30102t 54LS74 30702t 54LS$139 31504t 54LS161 
15901t 9300 30103t 54LS112 30703t 54LS42 31505t 54LS168 
15902t 9328 30104t 54LS113 30704t 54LS47 31506t 54LS169 
16001 9334 30105t 54LS114 30801 54LS181 31507t 54LS192 
16101t 5432 30106t 54LS174 30901t 54LS151 31508t 54LS193 
16201t 5428 30107t 54LS175 30902t 54LS153 31601t 54LS75 
20101 54186 (PROM 512) 30108t 54.$107 30903t 54LS157 31602t 54LS279 
20102 MCM5304 + 30109t 54LS109 30904t 54LS158 31701T 54LS124 
20103t IM5603A 30110 54LS76 30905t 54LS251 31702t 54LS324 
20201T 54S387 (PROM 1024) 30201 54LS40 30906t 54LS257 31801T 54LS261 
20202t IM5623 30202 54LS37 30907t 54LS258 31901 54LS670 
23001t 5531 (256 RAM) 30203 54LS38 30908t 54LS253 32001 54LS196 
23002t 93410 (256 RAM) 30204 54LS28 30909 54LS298 32002 54LS197 
23501T TMS4060 (4K RAM) 30301 54LS02 31001 54LS11 32003 54LS290 
23502tT TMS4050 (4K RAM) 30302 54LS27 31002 54LS15 32004 54LS$293 
23503 TMS4060 (4K RAM) 30303 54LS266 31003 54LS21 32101 54LS22 
23504 TMS4050 (4K RAM) 30401 54LS51 31004 54LS08 32102 54LS26 
30001 54LS00 30402 54LS54 31101 54LS85 40001 6800 

30501 54LS32 31201t 54LS83A 42001 8080A 
TABLE II. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 

CKT JAN CKT JAN CKT JAN CKT JAN 
TYPE /NO. TYPE /NO. TYPE /NO. TYPE /NO. 
LH2101A 10105 3018A 10801 52111 10304 54LS13 31301T 
LH2108A 10106 3045 10802 52118 10107 54LS14 31302t 
LM102 10601 4000A 05201 52555 10901t 54LS15 31002 
LM140-12 10702t 4001A 05202 52556 10902t 54LS20 30007 
LM140-15 10703t 4002A 05203 52710 10301 54LS21 31003 
LM140-24 10704t 4006A 05701 52711 10302 54LS22 32101 
MCM5304+ 20102 4007A 05301 52723 10201 54LS26 32102 
MH0026 03501 4008A 05401 52733 10501t 54LS27 30302t 
TMS4050 23502 (4K RAM) 4009A 05501 52741 10101 54LS28 30204 
TMS4050 23504 (4K RAM) 4010A 05502 54HO00 02304 54LS30 30009T 
TMS4060 23501 (4K RAM) 4011A 05001 54H01 02306 54LS32 30501 
TMS4060 23503 (4K RAM) 4012A 05002 54H04 02305 54LS37 30202 
1M5600 20103 4013A 05101 54H08 15501 54LS38 30203 
IMS5603A 20103t 4014A 05702 54H 10 02303 54LS40 30201 
1M5623 20202t 4015A 05703 54H 11 15502 54LS42 30703T 
10501 + 06001 4016A 05801t 54H20 02302 54LS47 30704t 
10502+ 06002 4017A 05601 54H21 15503 54LS51 30401 
10504 06201t 4018A 05602 54H 22 02307 54LS54 30402 
10505+¢ 06003 4019A 05302 54H30 02301 54LS73 30101T 
10506+ 06004 4020A 05603 54H40 02401 54LS74 30102t 
10507+ 06005 4021A 05704 54H50 04001 54LS75 31601T 
10509+ 06006 4022A 05604 54H5i 04002 54LS76 30110 
10531 06101 4023A 05003 54H53 04003 54LS83A 31201 
10535 06104 — 4024A 05605 54H 54 04004 54LS85 31101 
105764 06103 4025A 05204 54H55 04005 54LS86 30502 
106314 06102 4027A 05102 54H 72 02201 54LS90 31501t 
15930 03001 4030A 05303 54H73 02202 54LS93 31502t 
15932 03101 4031A 05705 54H 74 02203 54LS95 30603T 
15933 03105 4034A 05706T 54H 76 02204 54LS96 30604t 
15935 03002 4035A 05707T 54H101 02205 54LS107 30108T 
15936 03003 4041A 05505 54H103 02206 54LS109 30109t 
15944 03102 4049A 05503 54LS00 30001 54LS112 30103t 
15945 03301 4050A 05504 54LS02 30301 54LS113 30104t 
15946 03004 52101A 10103 54LS03 30002 54LS114 30105t 
15948 03302 52104 10202t 54LS04 30003 54LS123 31401tf 
15950 03303 52105 10203t 54LS05 30004 54LS124 31701t 
15951 03201 52106 10303 54LS08 31004 54LS132 31303T 
15957 03103 52108A 10104 54LS10 30005 54LS138 30701T 
15958 03104 52109 10701 54LS11 31001 54LS139 30702T 
15962 03005 52110 10602 54LS12 30006 54LS151 30901t 


NOTE: Only the basic JAN and commercial numbers are shown. 
tSlash sheets not released as of date of this publication. 
Not recommended for new designs, 
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IC SOCKETS AND INTERCONNECTION PANELS 


Texas Instruments lines of off-the-shelf interconnection products are designed specifically to meet the performance needs of 
volume commercial applications. They provide both the economy of a standard product line and performance features 
developed after many year’s experience with custom designs. Foremost among these is our ability to selectively bond a 
wrought gold stripe at the contact point. No waste. Reduced cost. Reliable contacts. 


Wrought Gold Contact 

Plate a contact with gold and you get a better contact. More reliable, longer lasting. Increase the gold, you improve the 
contact. But gold is precious, so improved performance has to be costly — right? Wrong. Because now you can get the gold 
only where it is needed — at the point of contact. 


How? With selective metallurgical bonding; a gold stripe inlay. Not porous plating, but durable wrought gold bonded to the 
contact by the same technology used to produce clad coins and thermostat metals. 


Texas Instruments, Attleboro, Massachusetts, is the world’s largest producer of these multimetal systems. We also know our 
way around electronics. The result? A full line of reliable, low cost, interconnection systems featuring an extra measure of 
gold where it’s needed. Premium performance at no premium in price. 


IC Sockets 

Texas Instruments family of IC sockets includes every type and size in common use today, and as wide a choice of contact 
materials as you'll find anywhere. Choose from open or closed entry wire-wrapped' sockets, standard or low profile solder 
tail sockets, cable plugs, and component platforms. Sizes from 8 to 40 pins. 


IC Panels 


To match the industry’s broadest line of !C sockets Tl offers one of the industry’s widest selections of off-the-shelf socket 
panel products. Logic panels. Logic cards. Accessories. Add Tl’s custom design capability and wire wrapping for full service. 


Additional information including pricing and delivery quotations may be obtained from your nearest TI Distributor, TI 
Representative, or: 


Texas Instruments Incorporated 
Connector Systems Department 
MS 2-16 

Attleboro, Massachusetts 02703 
Telephone: (617) 222-2800 
TELEX: ABORA927708 


t Registered trademark of Gardner-Denver 


LOW PROFILE SOCKETS 


SOLDER TAIL 


C-93 SERIES GOLD-CLAD CONTACTS 
C-83 SERIES TIN-PLATED CONTACTS 
Universal mounting and packaging 
Anti-wicking wafer 
Stand-off tabs on base for solder flush 


Redundant contact points for low contact resis- 
tance, high reliability and repetitive insertion 


Closed entry construction 










MATERIAL: 

A. Body-glass filled nylon (GFN) 

B. Contact-copper nickel alloy 

C. Finish-see part number schedule 

NOTES: 

A. Sockets meet requirements of Texas Instruments 
test specification TS-0005 and test report 
TR-0003 

. Operating temperature —65°C to +150°C 

. Contacts have redundant spring elements 

. Accommodates standard-IC leads up to .024” 
square, rectangular, or .024°’ diameter 

. Contact is designed and oriented in the plastic 
body to generate maximum possible contact 
pressure 

F, Socket is designed to achieve maximum density 

on boards 

G. Sockets may be mounted end to end on .100” 

centers continuous fine or on .400” centers 
row to row 

H. Socket is designed to prevent IC leads from 

contacting P.C. board 

Closed entry feature provided to facilitate 

automatic IC insertion and protects the IC 

leads against damage 


SOLDER STANDOFF 












O00 @ 






IDENTIFICATION NOTCH 
FOR PIN NO. 1 


m 








TOLERANCE _| |__-100 
NON-CUMULATIVE 












.350 MAX 





Seats 
.150 MAX 






IC LEAD GUARD 








[2a pin [28 Pin [28 Pin [40 Pin 
400] 600 | 600 600] 
[7.100 | 7.200 | 7.400 | 3.000 
[8007 


: 


Dimension W (max) 






8 Pin | [20 Pin 

300_| 300 | .300 | .300 | 
| -400_ . | 1.000 | 
400 | 





Pins] 
8 


CONTACT FINISH 


PART NO. SCHEDULE 


BLACK BODY 


NOMEX ANTI-WICKING WAFER 


C930810 
C931410 
C931610 
C931810 
C932010 
932210 
C932410 
C932810 
C934010 


C-93 SERIES: 


100 microinch minimum gold 


stripe infay 
C-83 SERIES: 


200 microinch minimum bright 


tin plate 


C-93 SERIES | C-83 SERIES 


C830810 
C831410 
C831610 
C831810 
C832010 
C832210 
C832410 
C832810 
C934010 








STANDARD PROFILE SOCKET 


SOLDER TAIL 


C-82 SERIES PLATED CONTACTS e C-92 SERIES GOLD CLAD CONTACTS 


WIRE WRAP 


C-81 SERIES PLATED CONTACTS e C-91 SERIES GOLD CLAD CONTACTS 


dual-in-line leads 


Designed for low cost, reliable, high density production packaging 
Universal mounting and packaging capabilities 

8 to 40 pin lead configurations 
Contacts accommodate .015” through .024” rectangular or round 


Wire wrap posts held to true position of .015” providing a true 


position of .020” on boards for efficient automatic wire wrapping 


WIRE WRAP 


IDENTIFICATION 
FOR PIN NO. 1 


-NON-CUMULATIVE. }ryp 


COVER: TYPICAL LOCKING 
TECHNIQUES USEO 
Vv 


' PRELOADED CONTACT ee. 
c. €. 


ats 


woe 





MATERIAL: 

A. Body-glass filled 
nylon (GFN) 

B. Contact-phosphor 
bronze per QQ-B-750 
(C-81) copper nickel 
alloy (C-91) 

. Finish-see part 
number schedule 


Dimension Z +.005 
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IDENTIFICATION 
F 


PIN Lee eae 


TOL. rer 100 
NON-CUMULATIVE ITYP 
ae 


SOLDER TAIL 


SOLDER 
STANDOFFS 


COVER: TYPICAL LOCKING 
TECHNIQUES USED 


ay MAX 


COMP OOM? (Ai, 


a Sir] 
Pi aera rh 
a 

640 


a 


NOTES: 


. Sockets meet requirements of Texas 
Instruments test specification TS-0003 
and test report TR-0001 


. Contacts are replaceable 
. Contacts have redundant spring elements 
. Cover is removeable 


. Contact is designed and oriented in the 
plastic body to generate maximum 
possible contact pressure 


. Operating temperature —65°C to +150°C 


V—_ 


250 | 
OPEN ENTRY 2 
ONLY 


. Sockets are designed to achieve maxinrum 


density on boards and may be mounted 
.400" row to row centers 


. Closed entry cover is provided to facilitate 


eutomatic insertion and protect IC leads 
against damage 


. Accommodates standard IC leads up to 


.024” square, rectangular or .024” dia. 


. Contact retention — 7 Ibs. min. 
. Sockets are capable of being automati- 


cally or semiautomatically wire wrapped 





WIRE WRAP 


Fs PEN ENTRY | CLOSED ENTRY 


C810854 
C811454 
C811654 
C811854 
C812054 
C812454 
C812854 










PART 
NUMBER 
SCHEDULE 


C810804 
C811404 
C811604 
C811804 
C812004 
C812404 
C812804 
C813604 
C814004 
C910800 
C911400 






Series 
C-81 
200-400 


microinch 

































min tin 
per 
MiL-T-10727 



























C910850 
C911450 






Series 


C-91 


















C911650 
C911450 
C912050 
C912450 
C912850 


C911600 
C911400 
C911800 
C912000 
C912800 
C913600 
C914000 







50 microinch 






min 











gold stripe 















inlay 






SOLDER TAIL 


| sd sPEN ENTRY | CLOSED ENTRY 


Black Black 
Body Cover 


C820850 C820800 











PART 
NUMBER 
SCHEDULE 








































Series 

C-82 C821450 C821400 
30 microinch C821650 C821600 
min gold per C821850 C821800 
ee C822450 822400 
50 microinch C822850 C822800 


min nickel per 
QQ-N-290 












C823600 
C824000 
C820802 











C820852 





Series 




















C-82 C821452 C821402 
50 microinch C821652 C821602 
min gold per C821852 C821802 
MIL-G-45204 ©822452 Apean? 


over 
100 microinch 
min nickel per 
QQ-N-290 







C822852 C822802 
C823602 
C824002 
C820804 
C821404 


C821604 


















C820854 
C821454 
C821654 


Series 


C-82 



































200-400 C821854 C821604 
microinch 
min tin per C822454 C822404 





MIL-T-10727 C822854 


C822804 
C823604 
C824004 
C920800 
C921400 
C921600 
C921800 
C922400 
C922800 
C923600 
C924000 





C920850 
C921450 
C921650 
C921850 
C922450 
C922850 











Series 
C-92 


100-microinch 
min 

gold stripe 
inlay 
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SOCKET PANELS 


STANDARD 


D4 SERIES 


@ 180 position panel or multiples of 
30 position with 14 or 16 position 
socket pattern 

@ 1/0 — 4 rows with 13 pins per row 
or 3 - 14 pin sockets 

@ Low cost standard hardware 

@ Available in 98 standard series 

® Off-the-shelf availability 


16.175 (180 PATTERN) P/C BOARD MATERIAL 


1/8 thick Glass Epoxy, 2 oz. 
15.800 Copper Circuitry both sides, 
13.100 Tin Plated 


10.400 


.290 MAX, 
7.700 “| 
5.000 125 
125 OIA. THRU HOLE 
: a pa TYP. Ti 


oe a 


-_ +» 
+ + 


eg ee | 
~ 7 - 6.500 
(GRP I, 10, 114) 
7.190 
(GRP IV) 


| 6.875 


+ 
¢ 


et 
—————___ 


TYP. 6 PLACES (COMPONENT SIDE) 


25 DIA. THRU HOLE FOR VCC PLANE 
CONNECTION TYP. 6 PLACES (WRAP SIDE) 


10.775 (120 PATTERN) 
13.475 (150 PATTERN) 


i H?> €3 Ley eH > 4e Hp Gy eee id ae 
2.675 = .400 IC 
(30 PATTERN) 250 SEATING 
HOLE FOR GND 
8.075 (90 PATTERN) PLANE CONNECTION 
| 





NOTE: Dimensions shown are nominal. Detail information and 
tolerances available on request (indicate series and group number). 


STANDARD SOCKETS C-81 SERIES SOCKETS C-91 SERIES SOCKETS 

C-81 or C-91 series, 14 pin Body.......... Glass filled nylon Glass filled nylon 
or 16 pin, closed entry Contact .... Phosphor bronze per QQ-B-750 Contact .... Copper nickel alloy 
sockets as designated in Finish 30 microinch min. gold per 50 microinch min. 


the Part No. Schedule at MIL-G-45204 over ald steine inlay 


right. See pages 7 and 8 aoe 3% 
for complete socket CONoee. min. nickel per 


information. 
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STANDARD PANEL PART NO. SCHEDULE —D4 Series 


Group I 


Group !1 


Group Hl 


14 Pin 


. VCC 


wa Oemaewwn — 


PIN 16 .... 


oe 


en»nreeewnewh 


1/O Option 
FEEO-THRU 
PINS 
FEED-THRU 
PINS 
FEED-THRU 
PINS 
FEED-THRU 
PINS 


Sockets 


Per Panel 


C-81 
Sock ets 


D411211 
D411212 
D411213 
D411214 
D411215 
0411216 


0411411 
D411412 
D411413 
D411414 
D411415 
0411416 


0434211 
0434212 
D434213 
D434214 
D434215 
D434216 


D434411 
0434412 
D434413 
D434414 
D434415 
D434416 


0423211 
D423212 
D423213 
D423214 
D423215 
D423216 


D423411 
0423412 
0423413 
D423414 
0423415 
D423416 


‘0444211 


0444212 
0444213 
D444214 
0444215 
D444216 


D444411 
D444412 
D444413 
0444414 
D444415 
D444416 


D411231 
D411232 
0411233 
D411234 
D411235 
D411236 


0411431 
0411432 
D411433 
D411434 
D411435 
D411436 


0434231 
D434232 
D434233 
D434234 
D434235 
0434236 


0434431 
D434432 
D434433 
D434434 
D434435 


0434436. 


D423231 
D423232 
D423233 
D423234 
D423235 
423236 


D423431 
D423432 
0423433 
D423434 
D423435 
D423436 


D444231 
0444232 
D444233 
D444234 
0444235 
D444236 





367 





SOCKET CARDS 
STANDARD 


DO2 SERIES 


@ Low Cost 

@® 14-16 pin socket pattern — 
60 position 

@ Standard ground and power pin 
commitment 

@ 8 standard designs 


@ Mates with dual 60 position edge 
connector 


DO2 Series 
3 BOARD MATERIAL STANDARD CARD PART NO. SCHEDULE 


1/16 and 1/8 thick Glass Epoxy, 2 0z. Copper Circuitry both sides, Tin Plated 


sock ie 


Group | 14 Pin 
PIN 14.... VCC 4/16” 


| 1/16" 


6.185 
(1/8) 


6.08 
(1/16") 
7.363 (1/8"") 
7.718 (1/16"") 


125 THRU HOLE 
TYP, 4 PLACES 


~ eeaeowswnw = © 


NOTE: Dimensions shown are nominal. Detail information and tolerances 
available on request (indicate series and group number). 





bo Series 
MULTIPURPOSE 
CARD PART NO. 
ADAPTER SCHEDULE 


Part no. 2501300 


1/16” 
1/16” | 0022410 | 0022430 
I DO021410 | 0021430 


an~ @ee®aewewnw = 





EJECTOR KEYS 


Material: Nylon 
Part no. 2501200 (1/8’") 
2501201 (1/16°’) 


e~eaeeauwn- on 
e0e0e000006: 
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